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HAMNER 


OFFERS TWO A/EW HIGH VOLTAGE 


POWER SUPPLIES 





IN-4035 


With 25 ma at 3500 volts, the N-403 des jt Designed f j any tyr ar yste 
simultaneously provide power to a mber of h the 5,000 volt itput ad jat f 3 t any 
gain photomultipliers. Line and load regulat ar proportiona ter, w t utput of 2 
exceptional and noise and ripple in tt tout a ma suff rout at 
kept to a minimum. Safety te k ar it b t ] 
SPECIFICATIONS 

Output: 

Voltage 750-3550V, either e may t | AT j 

grounded or the supply may b at u t ' 

1000 volts Output: 

Current 25 ma* ~erbttin : 

Ripple . Less than 1 mv rr ~urre : 
Adjustment: Coarse attenuator plus 3-t fine t Ripple ; J 
Resetability: 1 volt. Adjustment: By att jat wv } 
Stability: turn fine 

Line . . 005% for line voltag bet 

and 125 V - Resetability 

Load 005% for change t Stability: 

ma load ne v 

Drift Less than 05° Jay Load i 

Temperature 40PPM Drift Jay 
*If this power supply is run ff a regulated 
much greater current loads can be handled 

OTHER POPULAR HIGH VOLTAGE POWER SUPPLIES 





N-413 


N-401 


500 to 1850 Volts 
D.C. Continuous 





500 to 5000 Voits 
D.C. Continuous 














A standard for use in scintillat pectr y T power pply provide i a 00 v 
or for general laboratory use. The N-40] is a th 0.005° e and load regulat and posit 
proven reputation for unmatched voltage stab yr negative tput. Amp power availab f 7 
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low noise and ripple, less than my rm multipliers or the ar apr at Jutp 
vides 5 ma, positive or negativ arit voltage ay b t t the 2arest from a 
panel control tandard ce alibrated T e ofa 
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View of DR-2 core in operation. 


‘BESTILT IGEN ... ANOTHER B&W REACTOR CORE 


In Denmark, bestilt igen means “or- 
dered again.” Highly satisfactory per- 
formance from the first core Denmark 
purchased from Babcock & Wilcox for 
its DR-2 Research Reactor led to the 
recent order for a second one. The first 
core was operated primarily on a six 
day week, 24 hours a day ata full rated 
power of SMW. The new core, like the 
first, utilizes B&W’s exclusive pinned 


construction, and consists of thirty 90% 
enriched fuel elements and ten control 
elements. 

Many nuclear problems are being 
probed into and solved by freeworld 
scientists—many with B&W equipment 
of every type: complete reactors and 
reactor components for research, ma- 
rine propulsion, and power produc- 
tion, as well as fuel elements and com- 


plete cores. All these comprise B&W's 
extensive role in the growth of nuclear 
power. 

Prove it to yourself—talk over your 
nuclear power needs with one of our 
specialists. No matter what your lan- 
guage—there are no substitutes for 
Babcock & Wilcox quality and service. 
The Babcock & Wilcox company, 161 
East 42nd Street, New York 17, N. Y. 


THE BABCOCK & WILCOX COMPANY 
NUCLEAR POWER APPLICATIONS 


Complete nuclear systems, cores, components, fuel elements, nuclear research and development 
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For complete information communicate in confidence with: 
GREATER ST.PETERSBURG - CLEARWATER INDUSTRY COUNCIL 
GREATER ST.PETERSBURG CHAMBER OF COMMERCE 
Jack Bryan, Industrial Director / Department N, St. Petersburg, Florida 











YOUR COMPANY 
TO JOIN WITH US 
IN 
PINELLAS COUNTY 


Here’s one of the few areas in 
America where it is possible to 
attract personnel in every cate- 
gory without difficulty. 

Why? — No executive or em- 
ployee need be more than 15 
minutes away from home and gar- 
den, from fresh and salt water, 
fishing, bathing, boating, water 
skiing ...no more than 15 min- 
utes away from schools, churches, 
shopping centers, recreational 
and social activities. 

All this, plus a favorable busi- 
ness climate...and SUN-sational 
living all year, in this enchanting 
land of flora and fauna. 

Executive decisions, after exten- 
sive site location surveys in many 
areas of the nation, have resulted 
in major companies locating here. 
Their managements will gladly give 
you the result of their findings. 


NOTE: Persons seeking positions 
please write Florida State Employ- 
ment Service, 1004 First Avenue 
North, St. Petersburg. 


Clearwater 
Dunedin 

Gulfport 

Indian Rocks 

Largo 

Madeira Beach 
Oidsmar 
Pass-a-Grille Beach 
Pinellas Park 
Safety Harbor 

St. Petersburg 

St. Petersburg Beach 
Tarpon Springs 
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...about NUCLEONICS 


The following item was written before the 
SL-1 reactor accident (see page 17), which 
gives it new pertinence. The Editors 


An Element of Risk 

The photograph below symbolizes 
the element of risk that exists in all 
human affairs; the charred, kerosene- 
soaked letter shown there was received 
by us after being rescued from the mid- 
air collision of two commercial air- 
liners over New York City last Decem- 
ber 16. All 128 persons aboard the 
two airliners were killed in that tragedy, 
as were five more persons who were on 


the ground when one of the planes 


crashed in the crowded Brooklyn 
streets. 

There is no question but that greater 
investment in air safety lessens the 


likelihood of such accidents. The level 
of expenditure for air safety was in- 
the 
public recognition of the danger after a 


creased dramatically following 
similar crash of two airliners over the 
Grand Canyon in 1956. Still 
money will be spent as an aftermath of 
and air travel will grow 


more 


this disaster 


safer as a result, at least relative to the 





Letter 
rescued from jet airliner that crashed 
in New York City contained press release 
from San Francisco office of AEC. 


CHARRED-REMINDER OF RISK. 


: in the direction of 


vast increase in the density of air 
But 


element of risk will remain; no expendi- 


travel that is expected. some 
ture can buy certainty. 

Whether the decision is explicit or 
not, there is some balancing of the de- 
gree of safety that is desired against the 
amount of money that the Government 
and/or the airlines are willing to spend. 
While civilized society regards human 
life as priceless in a moral sense, our 
everyday life is replete with examples 
of how we trade the possibility of death 
economic consider- 


or illness against 


ations. The balance point varies with 
the situation: think of death in highway 
accidents vs. the cost of seat belts, the 
price of coal vs. expenditures for mine 
safety, the postulated connection of 
lung cancer and cigarette smoking vs. 
the cost of a research program to settle 
the 
program to inform the public if rational 
that smoking 


controversy and an educational 


judgment suggested 
should be curtailed 
[This matter of balance was most 
eloquently discussed in our pages by 
Siddall (NU, Feb 


be ple ased to send a 


Canada’s Ernest 
59, p. 64); we will 
reprint to any interested reader.| 
Certainly the balance point for the 
nuclear industry has been set decisively 
salety Sut even 
for us it is just a balance point. No 


one should think that we have bought 


absolute safety; that having guarded 
against what we call ‘‘ maximum credi 
ble’’ accidents, it is incredible that 
accidents will oceur Indeed they 


will occur; then, as now, it will be im- 
that all 


element of 


human 
risk 


and 


portant to realize 


endeavor involves an 


Airplanes do drop trom the sky 
kill people on the snow 


of Brooklyn 


-covered streets 
The Editors 
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PM-3A Will Supply Antarctic Power 
Nuclear Power Plant ls Designed With Many Unique Features 

Hermetically Sealed Control Rod 
Actuating System eliminates dynamic 
seals, resulting in increased reliability 
and reduced water consumption. 

Unit Core Loading simplifies fuel 
handing and cuts down refueling time. 
Spent core in its cask can be air trans- 
ported in a single flight. 

Direct Air-steam Condensers are an 
advancement which simplifies plant ar- 
rangement, reduces the total number 
of packages and auxiliary power re- 
quirements. 

Containment Design is air trans- 
portable and requires no major field 
welding. 

Completely Pre-assembled Decon- 
tamination Facility serves as both 
shipping container and final enclosure 

PM-3A nuclear power plant (inset) will be located on the first plateau of Observation Hill at cite te sclaae Cin oe 
McMurd nd. U. S. Naval Air Facility is in foreground. (Official U.S. Navy Photo) and flexibility of plant arrangement. 
. PM-3A, 1500 kilowatt sonnel can erect the reactor system 
packaged nuclear power within 60 days after arrival at the 
plant under construction Antarctic site and ready it for full 
at the Nuclear Division power generation within 15 days. 
of The Martin Com ; 
pany in Baltimore, will Self-contained Handling and Pri- 
he delivered to the 01.8 mary Loop Support Equipment makes 
“pRren teenie Saale it possible to erect and install the pri- 
on on November f mary system without special additional 
+} ene.eotiiie 25 facilities and structures. This equip 
nonths from start of contract work ment also provides a foundation for 
—* on at the U.S. Naval Air the primary system building and gives 
| tv on McMurdo Sound. Ant Structural support required for the 
fresh fuel storage facility and the pri- 
mary building loading dock 
D 1 to supply electrical powe1 
principal base of all U.S. sci Two-year Core Life reduces energy 
, on the southernmost con cost and shortens plant downtime for 
PM-3A e the first peace refueling. This contributes to overall 
+} the Antarctic. plant economy. 
PM-3A will have many important Fault Location Instrume ntation in Air transportable module being loaded into 
featur unique to Martin-designed the control system simplifies and C-130A aircraft. 
1 will meet unusual instal- speeds maintenance, helps increase 
tion and maintenance requirements plant reliability, and reduces person- PM-3A will increase the power 
reated by ext weather conditions et SOR SORES. available at McMurdo without requir- 
' Reactor Pressure Vessel of Auste- ing highly expensive transport of ad- 
. P Mf les for Imme nitic Material is capable of withstand- ditional diesel fuel to the Antarctic. 
le | [he entire plant is ing the integrated neutron dose over This dependable supply of power will 
pret il ited at Baltimore in fully air 20 years, as opposed to other materials enable scientists there to carry out 
transportable 30-foot “modules.” The in which irradiation may raise brittle their studies more effectively and 
° compact packa permit ease of han fracture temperature to levels encoun- under improved conditions. 
lling he modules are largely pre tered during plant operation or shut- 
assen d and designed so Navy per- down. It is the safest practical design. 
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This heavy-duty, high-precision 2-high 
4-high Combination Rolling Mill was re 
cently installed at the new Fuels Tech 
nology Center of the Argonne National 
Laboratory. The outstanding feature of 
the new machine is its complete en 
closure in a controlled atmosphere glove 
box to allow the processing of alpha- 
active, pyrophoric materials, such as 
plutonium. 

To facilitate remote control operation 
within the glovebox enclosure, the mill is 
equipped with a mechanized roll chang- 
ing device comprising a roll storage car, 
three slideways to carry three roll assem 
blies, quick-disconnect screwdowns and 
universal spindie supports. The entire 
roll assemblies are readily moved into 
or out of the mill by turning a handwhee! 
and are cross-transferred by moving the 
car along the face of the mill. Thus, 
complete roll changes can be performed 
in a few minutes without undue effort. 

The new LOMA rolling mil! may be 
operated in either a 6 in. x 8 in. 2-high 
set-up or a 1% in. & 6 in. x 8 in. 
4-high set-up. The 2-high arrangement is 
used for either hot or cold breakdown 
rolling of plate and sheet, and grooved 
rolls are also available to process rounds 
from 1 in. to ™% in. diameter. In the 
4-high . set-up strip is cold finish rolled 
to gauges as thin as .002 in. 

The mill is furnished with high-strength 
steel housings, twin-handwheel wormdrive 
screwdowns, universal joint spindles, 
herringbone gearing, and a 15 h.p. re- 
versing variable-speed drive. The roll 
necks are mounted in super-precision 
needle roller bearings having a _ total 
separating force capacity of 175,000 Ib. 
The bearings are continuously lubricated 
by an oil circulating system. 

Special cartridge heating elements are 
mounted in the rolls to prevent undue 
chilling of the materials being hot 
worked. The heating elements are fed 
with current through slip rings and 
brushes mounted at the outboard side of 
the mill. 


LOMA 


MACHINE MFG. CO., INC. 
114 East 32nd Street 
New York 16,N_. Y 





NUCLEAR REACTIONS 


More Zircaloy Proponents 
DeAR SIR 


In support of the Shippingport ex- 
perience reported by Lustman et al. 
(NU, Jan., 1961, p. 58), Zircaloy fuel 
cladding has behaved well in the Ex- 
perimental Boiling Water Reactor 

The EBWR fuel material (U-5 
w/o Zr-1.5 w/o Nb alloy) differs fron 
that of the Shippingport blanket 

UO The Zirealoy cladding of 

each, however, faces a similar corro- 
sion and hydriding hazard in the 
water environment 

The EBWR has been operating 
since December, 1956. At times the 
power level has intentionally ex- 
ceeded the design value of 20 Mw by 
a factor of three. To determine the 
present condition of the core, two 
elements were examined: element 
T-23, in the reactor for 1 yr, had a 


«vo 
] 


maximum burnup of 0.11 a/o; ele- 
ment ET-51, in the reactor for 2!4 y1 
had a maximum burnup of 0.39 a/o 
[Details of the examination are given 
in report ANL-6091 (1960).] 

On the basis of the examination, w 
offer the following comments 

1. No ruptured cladding, excessive 
fuel-plate warpage, swelling or corro- 


s10N 1s present 

2. Each fuel plate surface has at 
least a 5-mil surface-oxide deposit at 
the area of maximum heat flux. [Re- 
lated aspects of EBWR experiencé 
will be discussed in articles to appear 
in the March issue. Ed.] 
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3. It is probable that isolated areas 
of zirconium hydride exist at the 
edges of the plates 

4. The core-clad bonds are in ex- 
cellent condition 

5. The Zircaloy-2 cladding is still 
ductal 

6. At 0.4 a/o burnup, the fuel- 
alloy cores are hard, brittle and 
highly stressed 

(\. F. REINK! 
irgonne National Laboratory 


irgonne, /llinois 


DEAR SIR 


Out of the Shipping- 
port Cor Zircaloy Cladding 
Performs Well in PWR” (NU, Jan 
6 We offer 


our congratulations to Dr. Ben Lust- 


The artic 


61, p. 58) is outstanding 


man and his group for this fine 
presentation and to NUCLEONICS for 
its publicatior 

Controversial though this subject 
has been, this belated vindication of 
zirconium-alloy tubing as cladding 
matenal in 
no surprise to those who have lived 


water-cooled reactors is 


with zirconium these many vears 
Granting that tubular fuel elements 
present different and perhaps mor 
severe conditions than those found in 
submarine reactors, zirconium alloy 
properly fabricated can meet the 
challenge of today ’s boiling-water and 
pressumzed-water reactors 

It is the reactor of tomorrow whicl 
disturbs us most. An enormous effort 
has been expended in the evaluation 
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UNIQUE... 
simple and versatile underwater manipulation i 
Central Research Laboratories’ 
model B 

canal manipulator 


If your operation has required grappling and 
fishing at the bottom of a canal or pool, Central 
Research Laboratories’ Model B Canal Manipu 
lator may be the new tool for you. Master-Slave 








° : ‘ \r~ 
Manipulator type ambidextrous handle, wrist 
joints, and tongs are coupled by alloy tapes pass- 
ing through a cross-over housing and long vertical 
tube. This makes possible dexterous underwater | 
manipulation. All submerged components are <~ 
stainless steel for maximum corrosion resistance 
Wrist Joint and Tong Motions 
The wide range of wrist-joint and tong motions 
insures deft and adroit handling of large and 
small objects. Squeeze motion is 3! inches with es 
an elevation rotation of 168° going from 38 back 
of vertical to 40° above horizontal. Twist rotation 
is 360° minimum at ends of elevation range, 720 
when the tong is pointed 45 downward 
Azimuth rotation and X, Y, and Z translations 
are provided by gross movement of the vertical 
support tube. A constant force spring suspension 
supports the manipulator in the canal or pool 
For further versatility, the Model B Canal 
Manipulator may be equipped with standard or 
special purpose interchangeable tongs of either 
the RCD-447-100 or SRL-IIA type. Vertical 
tubes of desired length are available to meet 
most requirements. 
MANIPULATORS FOR EVERY NEED MJ 
f 7 re an *- r 
j Model 8 = Ble 
General Purpose eo § in ~ Tf i aii 
And Heavy Duty Pl, B thy | i the 
niN Thru-Wal | > gl ro, 
] on ad - 
| Installations SH ae ath . 
. Ye Kiel - 
oe ee — 
"ee oo 
| “err Riel -~ UL 
bs - ~ 
a a 
a A a ae Ji = an 
L 34 . 
Model 7 
J feat ati loon ae Model A 










Fer further information on Centra 
Research manipulators, accessories 


Céntlidl Research, 


laboratories, inc. 
Red Wing, Minnesota Dept. 111 


hot cell design problems, writ 
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Another FIRST for 
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raphite ever produced is shown 


intng ata National Carbon Plant 


I | 6.3 quare by approximately 20° 
{ W nd hole diameter tolerances 
$.125” diameter holes are bored 

} th 
example of the production and 
es that National Carbon makes 
ava nuclear industry. Whatever your 


NATIONAL CARBON COMPANY 
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ATIONAL NUCLEAR GRAPHITE 


needs, have National Carbon do the job . . . whether 
it’s simple reactor blocks, fuel element concepts, low 
permeability graphite, molds or crucibles, complex 
reactor parts or intricate nuclear metal processing as- 
semblics. For information, contact National Carbon 
Company, Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, New York. In 


Canada: Union Carbide Canada Limited, Toronto. 

















COBALT 60 


SERVICE and SOURCE RANGE |" 








Another 17,000 curies 
of AECL cobalt 60 
for petroleum research. 








A “Weldcaps” Cobalt 60 source supplied 
by AECL, in the hot cell at SINCLAIR 
RESEARCH LABORATORIES INC., Harvey, 
Illinois. 


For your Gamma Irradiation requirements 


choose A.E.C.L. COBALT 60 


ofgCan be supplied in kilocurie Cobalt 60 is 


quantities. @ Penetrating — (excellent uniformity of 
T d ’ 
Versatile PELLET and SLUG vate 
forms enable you to choose any’ e@ Reliable — (no complicated electrical 
source configuration you desire equipment to break down at critical 
2 times), 
> . > . ” 
AECL’s highly acclaimed Weldcaps @ Constant — (calibrate once, then forget 
(stainless steel, welded capsules) about it), 
are available = wide —— = @ Simple — (no induced activity in irra- 
standard sizes. Special sizes can diated materials; Monochromatic 
made up as required. radiation). 


IRRADIATOR DESIGN and FABRICATION SERVICE 


Take advantage of AECL’s years of experi- 
ence and knowhow for assistance regarding 
any aspect of your research or production 
irradiator requirements. 


For further information, please write to — 






ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products Division « P.O. Box 93 * Ottawa « Canada 
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Featured 8-in. Rotovalve stands 7 ft high and weighs 50,000 Ib. Hydraulic 
operator works at a pressure of 3000 psi. . 


- @ speed of 1/10th second! 


“Putting a stop” to 2500 psi at 2500 F 


...here’s the valve that does it with ease! 


This 8-in. Rotovalve takes extreme conditions in stride 
handles 2500 psi at 2500 F. Constructed of chrome- 
moly steel, it employs internal air cooling to maintain 
valve temperature at 1000 F despite the far higher 
heat of the liquid or gas being handled. 
Allis-Chalmers cone valves seat even tighter with use 
feature lantern ring with double packing, pressur- 
ized with the line fluid or purged to a bleed tank at 


lantern ring. Both standard and special Rotovalve 
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units have proved their reliability in thousands of 
applications, under widely varying conditions. 


Any time you face a valving problem, call on your 
Allis-Chalmers representative. He's equipped to sup- 
ply “specials” engineered exactly to your application. 
And he also offers you a complete line of Rotovalve 
units and butterfly valves for conventional uses. Con- 
tact him for information, or write Allis- Chalmers, 
Hydraulic Division, York, Pa A.1394 
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75,000 KW Sodium Graphite Reactor station for Consumers Public Power District at Hallam, Nebraska 
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The Peaceful Atom 
Helping the world The fuel of the future is in the atom. But even now, lights are burning, 
wheels are turning, thanks to atomic fuel. Atomics International, a world 
double its wide leader in advanced, high-performance reactor systems, has over 15 
years’ experience in designing, constructing, and operating reactors. Two 
power supply of the world’s most advanced atomic power stations are now being built 
in the next by AI under AEC programs. The wealth of experience and facilities at 
Atomics International will help the world’s power-producing companies 
ten years in their plans to double the supply of electricity in the next ten years. 
ATOMICS INTERNATIONAL 


Division of North American Aviation (#3 —_ 
+ +-) | 
Pioneers in the creative use ofthe atom ‘< bt “i | 


aol | 


World Headquarters: Canoga Park, California, U.S.A. Cable Address: atomics. Other offices: Washington, D.C., U.S.A 
Geneva, Switzerland. Affiliated with: inreratom, Bensberg/ Cologne, Federal Republic of Germany and oynatom, Paris, France 
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A status report: 
nuclear superheat...on schedule 


“Pathfinder” is the country’s first nuclear superheat and capabilities in the nuclear power field, talk to your 
power station under construction. It is being built by nearest A-C representative, or write for Bulletin 
Allis-Chalmers for Northern States Power Company. 43B9541, Allis-Chalmers, Atomic Energy Division, 
Cooperating in research and development are nine other Milwaukee 1, Wisconsin. A-1382 


midwest utilities* and the Atomic Energy Commission. *Central Electric and Gas Co. * Interstate Power Co. * lowa Power and Light Co. 


The above photo shows the containment, turbine, lowa Southern Utilities Co. © Madison Gas ond Electric Co. * Northwestern Public 
Service Co. * Otter Tail Power Co. * St. Joseph Light and Power Co. * Wisconsin 


water treatment and administration buildings. Con- ieitittin Gendied: Midis 


struction is on schedule 
The integral nuclear superheater will provide steam ola 
at 600 psig, 825 F. Other important design character- ss 90 
: A ; 3 : if site OF 66,0 PLANT 
istics include a high power density — 46 kw per liter —_ DER ATOMIC POWE 
— and controlled recirculation — 60,000 gpm. — pATHFIN portuens STATES POWER COMPANY 
‘ , 4 ‘ ~ wind me xee m meeeanc™. Nt 
Only Allis-Chalmers has experience in both direct- [ C—O Rh loa 
and indirect-cycle boiling water reactors, fast breeder, } ; 
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gas-cooled and process-steam reactors and fusion. In 
addition, A-C has long been a leader in such steam 
plant equipment as turbine-generators, condensers, 
pumps, valves and water conditioning systems. 

For more information about Allis-Chalmers facilities Site of “Pathfinder” plant at Sioux Falls, South Dakota. 
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SPECIAL TUBING f evelopment as fuel element afore lel ate) is filled with URANIUM OXIDE POWDER is compressed into fuel elements 
x DE t ‘ f C eral Electric Fuel Development Laboratory through an experimental process of vibratory compaction 


GENERAL ELECTRIC FUEL DEVELOPMENT PROGRAM AIMS TO... 


Cut nuclear power costs one mill/kwh 


A program of more than 35 separate researt h and The fuel development program centers around con 


development projects is now underway at General 
Electric to reduce the cost of nuclear fuel and thereby 
reduce total nuclear power generation cost. Improved 
fuels can cut nuclear power cost by 0.5 to 1 mill/ kwh. 


tinuing development of high performance, low cost 
nuclear fuels through reduced fabrication costs. longet 
fuel life. increased sper ific power, and the most eco- 


nomical fuel cycle possible. 





General Electric 


Boiling Water Reactor Technology 


Helps Lower Nuclear Power Costs 


NATURAL | 
CIRCULATION 

















URANIUM ENRICHMENT ANALYZER, only one of its kind, is used for precision analysis of uranium 
compounds. Further development, including in-pile testing, is painstakingly conducted before production 
el ee 
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EXPERIMENTAL URANIUM OXIDE fuel pellets are removed from the high temperature sintering furnace 
Stringent quality control is maintained from development to actual quantity production of nuclear fuel 


is on better uranium oxide fuels For additional 


Both in-pile and out-of-pile tests. commercial atomic 





EXPERIMENTAL FUEL PELLET is weighed 


on the dust-free microbalance 





ENRICHMENT OF URANIUM compounds 


is determined by emission spectroscopy 


information on General Electric 


activities, contact your nearest 


m fuel mix, are currently under- G-E Sales Office or write to the General Electric Co.. 


illoys, uranium compositions and Section 132-10, Schenectady, N. Y. Outside the United 


nt design prototypes. States and Canada. 


fuel development program are 


same General Electric facility 


contact International General 
Electric Company, 150 East 42nd St., New York, N. Y. 


132-1 


clear reactor systems, instrumenta- Progress /s Our Most /mportant Product 


yment. and other reactor components 
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NDA is building the Fast Burst Reactor (FBR) 
to provide short bursts of radiation 

for biomedical! and health physics 
research at the AEC’s Oak Ridge National 
Laboratory. The FBR is designed to 
generate 63 billion watts of power 

in 38 micro-seconds. Its 10'7 fissions 

per burst is many times greater than any 
other pulse type reactor. The FBR will have 
a steady thermal operating power from 
one to ten kilowatts. 

Employment opportunities exist at NDA on 
current and prospective contracts involving 
theoretical, experimental, design and 
fabrication efforts on: Reactors for 
Propulsion, Research and Radiation Effects/ 
Uranium, Thorium and Plutonium Fuels/ Molten, 

Boiling, Gaseous and Liquid Reactor Coolants/ Thermal, 
Epithermal and Fast Neutron Systems. Information about 3 iy 
employment is available from Director, Professional Personnel. 


iD) YANN NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS. N.Y. TEL. WH 8-5800 / NDA EUROPE 31, RUE DU MARAIS. BRUSSELS. BELG/UM 
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SL-1 REACTOR FACILITY as it appeared before the accident. 


Map shows its 


location in 894-sq mi National Reactor Testing Station, together with its closest 
neighbor, GCRE, and a little further, SPERTs, organic reactors and EBR-2 


SL-1 Explosion Kills 3; Cause and Significance Still Unclear 


The new year 1961 was only 69 hours old when it was marked forever 
for the nuclear energy community as the year of the SL-1 accident, the 
year nuclear reactors lost their long and jealously guarded inviolate 
position of never having caused a fatality.° 


As of mid-January, there were 


two paramount questions: I. What 
caused the explosion? 2. What effect 
will it have on the U. S. nuclear 
power program 

Although it will not be possible to 
issess fully the impact of the accident 
intil more is known about operators’ 
ictions leading up to the moment of 
the explosion and the natural proc- 
esses that occurred to produce it, 
nevertheless among industry and gov- 
ernment leaders there were these 
major reactions 

@ The cause of the accident when 
(and if) eventually determined would 
have much to do with its long-range 
effects on the use of nuclear power 

ymmercially. 

® Many of those contacted pointed 


ut that the electric utility industry 
accept—while con- 
tinually striving to reduce and mini- 
mize—fatalities from boiler, turbine, 
and high-voltage-line accidents just 
as other industries such as the avia- 
tion, chemical and others take in their 


} 


’ 
has learned to 


* Three previous U. S. radiation fatalities (at 
Los Alamos) were non-reactor accidents. One 
Yugoslav technician died of complications after 
the Oct. 1958 Vinca critical experiment accident 
4 rumored Russian accident has never been 


firmed 
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stride ordinary industrial risks. 


@ There was agreement every- 
where—from manufacturers and util- 
ities, from AEC, and from the 


Advisory Committee on Reactor Safe- 
guards—that AEC and ACRS would 
move swiftly and surely to tighten 
up its procedures for assuring safe 
reactor design and operation. This 
was already foreshadowed by AEC’s 
safety survey of all reactor operating 
licensees (see page 23). 

@ Despite this tightening, govern- 
ment officials generally, both in the 
executive and in Congress, were them- 
selves warning against any temptation 
to panic. Pointing out that the 
nuclear industry must be prepared to 
accept the accidents of a develop- 
mental stage as other young industries 
have done in the past, one AEC 
official commented, “I don’t think this 
accident will affect the industry ex- 
cept in a healthy way over the lon 
term unless we let it get us down.’ 
And on Capitol Hill, the Joint Com- 
mittee on Atomic Energy said it was 
doubtful that any special public hear- 
ings on the matter would be held 
this session—in part, at least, so as 
not to focus undue publicity on it. 
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1. The Accident 


At 9 pm Tuesday, Jan. 3, three men 
were on duty at the SL-1 (Stationary 
Low-power Reactor No. 1), an Army 
Reactor Program unit operated by 
military personnel under the super- 
vision of Combustion Engineering Inc. 
as AEC operating contractor. The 
reactor had been shut down for 12 
days for routine maintenance and for 
installation of cobalt wires to do flux 
mapping; the three man crew, on 
duty until midnight, was assigned to 
reconnect the rod extension shafts 
to the cruciform control rods prepara- 
tory to going critical again the next 
day. At 9:02 automatic heat-detec- 
tion alarms from the SL-1 went off in 
the three NRTS fire stations, and a 
radiation monitor alarmed at neighbor- 
ing GCRE. When fire engines arrived 
at SL-1 radiation levels were danger- 
ously high and health physicists in 
protective suits were called to pene- 
trate the building. Two men were 
dead inside amid marks of a violent 
explosion; the third, fatally injured 
and unable to speak, died on the way 
to the hospital. John A. Byrnes, 22, 
Specialist-5, U. S. Army, had been 
certified as an SL-1 operator Feb. 26, 
1960; Richard C. Legg, 26, Construc- 
tion Electrician-1, U. S. Navy, was 
certified in September 1960; Richard 
L. McKinley, 27, Specialist-4, U. S. 
Army, was a trainee. All three were 
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high school graduates and _ had 
attended Army or Navy specialist 
schools. 

As soon as it was light—about 10 
hours after the accident—AEC sent 
up a plane with scintillation counters 
but found no airborne radiation. A 
chemical analysis of sagebrush down- 
wind from the reactor building and 
highway traverses across U. S. Route 
20, % mi south of the SL-1 site, 
showed quite negligible or no ground 
contamination. At 10:45 am AEC’s 
Idaho Operations Office issued a 
bulletin saying it was safe for the 
public to travel on Route 20. 

Health physics set up field head- 
quarters at the crossroads of Route 20 
with the SL-1 access road. Late 
Wednesday evening a military team 
working in relays suceeded in recover- 
ing the body of the second victim, 
but it was not until 3 am Monday 
morning—five days and 6 hours after 
the accident—that the third body was 
recovered. It had been “lodged in the 
upper structure of the reactor build- 
ing” above the operating floor and 
directly above the top of the damaged 
reactor, AEC said; a net had to be 
extended beneath the body to keep it 
from falling on the reactor. Yet all 
this had to be done by men whose 
stay in the building—where radiation 
levels were 1000 r/hr—was_ timed 
with a stopwatch. “The direct re- 
covery was accomplished by eight 
men, paired in quick-moving relays 
to avoid excessive radiation exposure,” 
AEC said. “No two-man team was 
in the building more than 65 
seconds.” 

The bodies were taken to decon- 
tamination cells at the Chemical Proc- 
essing Plant as the force of the blast 
had blown radioactive particulate 
materials into the bodies. For this 
reason no autopsies were made; how- 
ever AEC announced that the death 
of the three men resulted from phys- 
ical injuries sustained—that multiple 
injuries received at the instant of the 
accident were sufficient to have 
caused death but the level of radia- 
tion in the building would also have 
proved fatal. Radiation readings for 
the first body brought out, AEC said, 
were approximately: 400 r at the 
head; 100 r at feet; and 200-300 r 
over remainder of body. 

Reactor Condition. The taking of 
observations relevant to fixing the 
cause of the accident was hampered 
not only by the almost-prohibitive 
radiation level within the reactor 
building, but also by the moral pres- 
sure on recovering the victims’ bodies, 
with its attendant great emotional 
stress. With the third victim re- 
moved on Jan. 9, there came a 
partial relaxation for the men involved 
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in the operation; the difficult job 
of determining the condition of the 
reactor can be pursued more slowly, 
more certainly, with refined equip- 
ment. As AEC General Manager 
Alvin R. Luedecke told a NUCLEONICS 
editor dispatched to Idaho Falls to 
report on the accident: 

“We had two first tasks: to recover 
the victims, and to assure ourselves 
that the reactor is in such a condition 
that it can’t give us more trouble. 
I'm anxious for us to understand what 
caused this accident and the Board 
is investigating that matter with a 
total effort. But those two things 
came first. One job is now done. 
The remaining one is no simple 
matter. We are not certain as to the 
state of the reactor—the water level, 
for example, or the condition of the 
core, or the integrity of the pressure 
vessel. Action that might seem at a 
glance to assure reactor safety might 
actually lead to more trouble. We 
have no reason to believe the reactor 
is not safe at present—we want to be 
certain it is safe. 

“It's vital in a situation like this, 
with meager information and much to 
be done, that we act with proper 
urgency but not frenzy. Everyone 
is anxious to get the job done: it’s 
essential that it be done with deliber- 
ation. We've got to sit down and 
think out each step.” 

Combustion Engineering officials 
were clearly shocked by the develop- 
ment. They refused to speculate on 
the cause of the explosion but said 
they doubted it was related to the 
corrosion of the boron strips attached 
to the fuel elements. “We, as opera- 
tors,” they pointed out, “tried to 
satisfy ourselves that there was always 
adequate shut-down margin.” They 
also confirmed that the stainless-clad 
Core 2 design had been completed 
but that fabrication had not yet 
begun. 

The weekly operating report for 
SL-1 for the week of Dec. 6-13 gives 
cumulative plant statistics from start 
of operations through Dec. 13—only 
10 days before the plant was shut 
down routinely but, as events proved, 
for the last time prior to the accident. 
The plant had operated 10,758 hours 
(as against 9,109 through Sept. 30); 
it had been at power 9,602 hr (8,086 
hr to Sept. 30); total Mwd/t was 
908.6 (747); gross kwh generated 
1,922,100 (1,641,700); simulated 
heat load, 3,089,600 (2,659,000); 
fuel burnup in grams of U-235, 
1,144.8 (941); percent of core life 
expended, 39.5 (32.5). 

Radiation Contained. The closest 
thing to a bright spot in the tragedy 
was the fact that outside the reactor 
building the radiation picture was 


strikingly different. This is note- 
worthy, as the mild-steel cylindrical 
structure is not even classed as a 
containment shell (it is not kept at a 
negative pressure, is not air-tight: in 
fact the 1959 SL-1 annual report 
complained of the winter heating 
problem on the operating floor be- 
cause the cargo doors were “not tight- 
fitting”). Nevertheless it apparently 
contained the release of radioactivity 
from the core so well that outside it 
on Jan. 7, the level in the control 
room—in the adjacent building—was 
only 1.15 r/hr; 0.25-5 r/hr in most 
of the reactor enclosure, and an 
average of 156 mr/hr around the 
perimeter of the 350-ft-square-on-a- 
side enclosure (see page 19). 


2. Emergency Organization 

Many of the best nuclear brains in 
the country flowed to Idaho Falls in 
the hours after the accident, assigned 
—or volunteering—to help in rescue, 
decontamination or investigation. 

In charge of all post-accident oper 
ations is Allan C. Johnson, manager 
of AEC’s Idaho Operati yns Office 
(IDO), with and 
reporting to Luedecke and Reactor 
Development Director Frank K. Pitt- 
man, both of whom were on the scene 
in Idaho Falls. 

In addition, three special commit- 
tees were named in the first week: 
a Board of Inquiry; a group to advise 
on technical aspects of decontamina- 
tion and other operations at the 
reactor; and an ad hoc panel to advise 
on future use or disposition of the 
SL-1. The three groups are headed 
respectively by Curtis A. Nelson, 
Director of AEC’s Division of Inspec- 
tion; C. Wayne Bills, deputy director 
of health & safety, IDO; and Pittman. 
(For members of each, see p. 22.) 

Objectives of the Nelson Board of 
Inquiry, as formulated by AEC, are: 
“1. Determine the nature and extent 
of the incident; 2. determine the 
cause of the incident; 3. determine 
the responsibility for -the incident; 
4. determine corrective action appro- 
priate to minimize or preclude similar 
incidents.” The Board met almost 
around the clock during the week of 
the accident, taking testimony from 
contractor, Army, AEC, and technical 
consultant personnel, and reviewing 
information from the field investiga- 
tions. The technical advisory com- 
mittee passes on the safety and 
soundness of every proposed action 
at the reactor. The Pittman com- 
mittee—like the other two a top-level 
group—was named at this time in 
order that it might now pose questions 
to the operating group that might 
affect the work of the latter. After 
framing such questions as it feels it 


working closely 
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needs answered, it will probably not 
meet again for several months, until 
answers are at hand. 


3. Reaction, Significance 

For years, the U. S. nuclear-power 
program has had hanging over it the 
possibility—and, indeed, probability 

of accidental explosion and fatality. 
The industry has been at once both 
fearful that such an accident might 
occur and certain, that at some time 
and in some place, the fact of a re- 
actor fatality would have to be faced. 

Thus, the overwhelming reaction 
of those contacted for comment in 
the aftermath of the accident was 
that of shock over the loss of life at 
SL-1. At the same time, however, 
it was received by many in this vein: 
“The inevitable has happened and 
should be accepted without panic— 
let's get on with the job.” 

How will the accident affect: the 
public’s attitude toward nuclear 
power? the Army nuclear power 
program? the government's attitude 
toward reactor safety? the future of 
the boiling-water concept? the Fermi 
case now before the U. S. Supreme 
Court? and the attitude of the utility 
industry toward nuclear power? 

Public Attitude. Most industry 
and governmental spokesmen felt 
that, because the accident took place 
in a remote area and because it was 
a small, military reactor, there would 
not be a substantial public reaction— 
unless the public were stirred up by 
misleading statements. Reaction of 
both the public and general press has 
be en mild 

Army Program. Officials at AEC 
and the Defense dept. said the ac- 
cident not affect current re- 
actor development for the Army, 
Navy and Air Force under the Army 
Nuclear Power Program. Richard 
Morse, director of research-develop- 
ment for the Army, said: “We hope 


would 


we can find out the exact cause of 
the mishap. It’s regrettable, it’s un- 
fortunate, but the accident in itself 
doesn't spe ll doom for any of our 
atomic programs.” Col. Gordon B. 
Page, the Army-AEC “two hat” man- 


ager of the program, said the inci- 
dent “has not changed or affected 
significantly any programs now in the 
mill.” 

Not clear was the possible effect 
on three projects still in the proposal 


stage: small Antarctic reactors for 
Byrd Station and the South Pole and 
a barge-mounted, non-propulsion re- 


actor for the Army Engineers. 


Air Force officials, who said they 


in no way wanted to minimize the 
gravity of the accident, looked on it 
as one of the calculated risks taken in 


running a defense force. It was 
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pointed out that if a comparison of 
nuclear reactor accidents versus nor- 
mal boiler-operation accidents were 
run in AF facilities alone, the lower 
comparative number of nuclear inci- 
dents would prevent the “panicking 
on power reactor development.” 

Reactor Safety. AEC’s immediate 
reaction was to initiate a safety sur- 
vey of all reactors and critical experi- 
ments (see page 23). AEC and 
industry officials alike shared the 
virtually unanimous view that steps 
would be taken to tighten up existing 
safety procedures—by both AEC and 
the Advisory Committee on Reactor 
Safeguards. The latter had _ re- 
viewed SL-1 in 1958 and advised 
AEC, among other things, that the 
remoteness and low power of SL-1 
assured no danger to the public. 
Government officials said ACRS had 
begun to move toward a less con- 
servative attitude on the question of 
locating reactors near population 
centers but that the accident would 
inevitably “tend to arrest” this loosen- 
ing up process. 

Utility Attitude. The prevailing 
view on the utility industry’s reaction 
could be summed up this way: the 
industry can be expected to ask some 
searching questions of AEC, of itself 
and of the reactor suppliers. But, in 
the long run, it will probably con- 
tinue to look to technically qualified 
people for advice on the safety of 
nuclear power plants. Again de- 
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pending on the SL-1 circumstances 
as finally determined, there were few 
who expected the utility industry to 
have a strongly adverse reaction. 
More significant, in the view of some, 
was the expected tightening up of 
federal regulation and the negative 
effect this — have on utility ex- 
ecutives considering nuclear power. 

Fermi Case. A statement issued 
shortly after the accident by Walter 
Reuther, president of the United 
Auto Workers and the AFL-CIO In- 
dustrial Union dept., made it clear 
that SL-1 would be brought into the 
Fermi case—certainly in public state- 
ments of labor officials and, possibly, 
in the Supreme Court, which is ex- 
pected to hear oral argument on 
Fermi this spring. 

Following the accident, Reuther 
released a study of 40 reactor acci- 
dents prepared by IUD’s Atomic 
Energy Technical Committee. “This 
study, plus the explosion at National 
Reactor Testing Station,” Reuther 
commented, “confirmed the validity 
of the trade union opposition to the 
construction of the untested Fast 
Breeder Reactor near Detroit. . 

It is clear from Tuesday night's ac- 
cident [Jan. 3] that thousands of 
people would have been over-ex- 
— to radiation if the SL-1 reactor 

ad been built near populated areas, 
just as the fast-breeder reactor is be- 
ing built in its first commercial size in 
the Toledo-Detroit metropolitan area.” 


Sue sTAaTron 











shown on hand-drawn official AEC map 


Note 500-1000 r/hr levels in building, 0.25—5 outside 
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The SL-1 Reactor ... Before Accident ...andAfter @» 


CUTAWAY OF SL-1 REACTOR (above) " 1 ? ‘2 Rod drive 
shows scene of accident; compare with —f er bell housing 


operating-floor plan (right, center). Con- AND pal / ie 2 if: 

trol-rod drive detail (far right this page) Y \T ld My, : im: 

shows how bell housing around rack-and- 5 , i —) v \ A 
T ; Rack and 


pinion drive seats on flange above oper- 
ating floor, and how control-rod gripper 
connects and latches to knob atop control 
rod in a_ ball-and-socket arrangement: 
these are the connections the victims were 
assigned to make on fatal night. (Below, 
left) SL-1 core, showing five cruciform con- 


pinion \ 
51 - 11 - 


Joys 
rE. 
; 








trol-rod shrouds (inside which control rods 5 - \s 
move up and down), with knobs atop rods ° 2.12. - | | 3 3. 1 
protruding. Note fuel elements between 7 a ct. eh } Say 7 
and below shrouds in nests of four elements y { 
each; also four T-rod shrouds at sides, two 63 6 6 - - 
of which contained cadmium strips to ALE-FEET 24 . “SECS 
counteract loss of boron burnable poison, SS ? KS ; ie ates . 
a third held experimental control rod, while NV " AS N si 
. 5 Wi 
fourth was empty. (Below, right) reactor 1. Turbine-Generator i N LE RSS 
top on operating floor level, before acci- : vie j : 
d ith hield df £. OM Cncnange Shield pl 
— oad ee ae soa —— 3. Water storage tank (overhead) e — vn 
to rod drives. Taller bell housing is for a Steet danieal baad 
center, regulating, rod; four peripheral 5 ioniadl steirway Extension rod 
ones (two on each side closest to it) are shares Ty 
* : . 6. Feed water pumps : 
shim rod drives. Sixth rod, furthest left, gaead s 
: 7. Fuel storage wells Control rod 
ran an experimental dummy control rod sit dienes }4 nines 
made of zircaloy so as to have no effect sa ‘ ON " 
rae , 9. Purification system area KX 
on the core reactivity. Note water puri- ' hoae: a 
fication panel at upper left, visible also in LO. Contre! rod crive motors : 
, " 






1] crete shiel 
post-accident photo (facing page, top right) 11. Concrete shield 




















First Photographs of SL-1 Aftermath 


AT LEFT IS THE VERY FIRST photo taken inside SL-1 reactor 
building after accident. lt was taken Jan. 5 by a photographer— 
accompanied by a health physicist—who raced up enclosed stair- 
way from control room to reactor operating floor (point A on map, 
p. 19). 1 is a reactor top shield block; 2, motor control board; 
3, heat exchanger for simulated heai load. Crowded condition 
of operating fioor plus intense radiation (500-1000 r/hr) made 
post-accident operations extremely difficult. Little damage is vis- 
ble. Note overhead lamp still working (4)—heat and electricity 
remained functional after accident. Ladder was knocked over in 
post-accident effort. Gloves cre presumed to have belonged to 
Four control-rod rack bell housings await installation at 5 
niddle two blend together so that there appear superficially to 
be only three) 


TAKEN TWO DAYS LATER, late Jan. 7, photo at right shows 
ondition of reactor top after accident. lt was taken from point B 
nap p. 19) few steps further in looking to left, under similar condi- 


victims. 


SURVEY METER (below) reads 160 mr/hr 
at perimeter fence on Jan. 7 near SL-1 re- 
actor building (seen in background). Dial 
is calibrated from 0 to 250 in multiples of 50. 


CLOSEUP OF EFFORTS (right) to remove 
end of monorail crane prior to removing 
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tions. Ejected shielding punchings on operating floor and a top- 
pled control-rod shield plug (or thimble, 8) contrast with unbroken 
meter glasses on water-purification panel in background as evi- 
dence of spotty damage typical of partially-confined explosions. 
Shielding blocks (1) are two of several forming a circle moved 
back when access to control rods or core is required. Scattered 
steel punchings formed—with gravel and boric oxide—the dry- 
mixture shield above pressure vessel head (6). A thin-gage cover 
above it (7) was bent up by force of punchings propelled upward 
by explosion. Beyond is bell housing for control rod rack No. 5. 
At (8) is control rod extension shaft still fitted within its shield plug; 
it would seem that this extension shaft is bent or broken (at a point 
obscured by shield block at right) since shaft, if intact, would be 
too long to fit across the circle on which it lies. Note, too, that 
flange of shield plug is bent (at its top left, as if it had struck I- 
beam overhead). That reactor is now vented to atmosphere is 


clearly indicated by the two open penetrations (9); whether they 
Note also two racks 


were open at time of accident is not known. 
(of rack-and-pinion rod drive) at 10. 
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third body by crane through cargo door. 
Radiation levels here were 30 r/hr; opero- 
tion was done from lead-shielded box with 
6-in. lead window, armholes, and it was 
practiced in detail beforehand (inset). 
























THE 


IDAHO 


ACCIDENT: 


AEC: Deliberation Takes Hold; 3 Advisory Units Working 


As the initial shock of the accident 
began to wear off in mid-January, an 
attitude of deliberation began to take 
hold at AEC. First post-accident 
action was to ask all operators of re- 
actors and critical facilities to furnish 
by end-January a report on their 
safety programs and procedures (op- 
posite page); a similar survey was 
being made of AEC’s own reactors. 
AEC officials were indicating that ad- 
ditional moves of this sort could be 
expected—dependent primarily on the 
results of its reactor surveys and on 
the causes of the accident. 

At Idaho, as of late January, AEC 
was mustering plans and equipment 
for work within the reactor, forced 
to proceed cautiously because of un- 
certainty of the core’s condition. 
On Jan. 19, AEC confirmed that a 
reactor excursion had taken place, but 
was withholding any statement on the 
cause of the accident until more evi- 
dence becomes available. 

On Capitol Hill, Congressional offi- 
cials were stating unequivocally that 
no special public inquiry would be 
pore sree by the Joint Committee on 
Atomic Energy. JCAE expects to 
get oral reports from AEC as the in- 
vestigation progresses but the feeling 
seemed to be that more harm than 
good might be done by conducting a 
formal series of public hearings. On 
Jan. 17, AEC nae this status re- 
port on the accident: 


‘Investigation into the cause of the Jan. 3, 
1961, accident at the SL-1 in Idaho continues 
to be slow and difficult because of extremely high 
radiation levels in the reactor building which im- 
pede efforts to obtain reliable data from instru- 
mentation or visual observation as to the present 
condition within the reactor itself. 

“Strong indications, while not conclusive, are 
that the reactor, located at AEC’s NRTS near 
Idaho Falls, sustained a nuclear excursion. Evi- 
dence is not sufficient to indicate whether or not 
there may have been an explosive chemical reac- 
tion. So far as it has been possible to determine, 
a nuclear reaction is not going on in the reactor 
at this time, but a complete examination has not 
been possible. Investigations of the reactor will, 
of course, be conducted cautiously to guard 
against the remote possibility that the investiga- 
tion itself could initiate a nuclear reaction. 

“Concrete shielding blocks surrounding the top 
of the reactor prevent study of the reactor from 
outside the building. Attempts are planned to 
view the interior of the reactor through nozzle 
openings or ports in the metal plate which serves 
as the top of the reactor vessel. Until the in- 
terior condition of the reactor is known, it can- 
not be determined with certainty what steps 
must be taken. Shielded television and photog- 
raphy appear to be the best methods of obtain- 
ing the initial information needed. 

“Aerial and ground monitoring continues to 
affirm that airborne radioactivity is being con- 
fined largely to the reactor building and the im- 
mediate vicinity. Direct radiation from the re- 
actor building has shown no increase since the 
accident. Calculations from direct radiation 
readings are as follows: 1.1 roentgens/hr at 100 
ft; 0.037 r/hr at 500 ft; 0.009 r/hr at 1000 ft 
and 0.002 r/hr at 2000 ft. 

*‘Aerial and ground surveys will continue to 
evaluate any possible radiological hazard beyond 
the immediate vicinity of the reactor area 
building.” 
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Determining Accident Cause 


4 





ae, 


PRINCIPALS IN ACCIDENT INQUIRY are (seated, left to right): H. K. Shapar, D. I. Walker, 


W. Nyer, C. K. Beck, E. B. Johnson, C. A. Nelson, J. H. Sterner; and (standing) W. K. 
Ergen, F. Western, P. A. Morris, B. Lustman. Walter, Beck, Nelson (chairman), Western and 
Morris are members of the Board of Inquiry; the others are consultants or advisers. Nelson is 
director of AEC's Inspection div., which, by law, is charged with observing compliance with 
the 1954 Act and AEC's regulations 


In Charge of Day-to-Day Work 





DIRECTING ALL OPERATIONS AT SL-1, with responsibility for all steps taken in recovery 
effort, is Idaho Operations Manager Allan C. Johnson, with advice from this Action Group. 
(Left to right, seated): J. Anderson, Johnson, C. W. Bills, D. R. deBoisblanc, R. ©. Brittan, 
K. Z. Morgan, M. Levenson, F. W. Thalgoft. (Standing): D. H. Shaftman, J. R. Dietrich, 
W. C. Lipinski, W. Burgus, W. L. Ginkel, S. McGarry, J. R. Horan, V. V. Hendrix, M. C. 
Corbett. W. Allred, SL-1 project manager for Combustion, was absent when picture was 
taken. Action group develops information needed for Johnson to make decisions on how Com- 
bustion, as operating contractor, should proceed. Evaluating proposals for Action Group is a 
Technical Advisory Committee within it, composed of Bills (chairman), deBoisblanc, Brittan, 
Morgan, Levenson, Thalgott, Shaftman, Dietrich, Lipinski, Burgus 


Advising Whether SL-1 Can Be Repaired 





ALREADY AT WORK ON SL-1's FUTURE use or disposition is an advisory committee chaired by 


(Left to right): L. Squires, R. L. Doan, 
Members E. P. Wigner and T. J. Thomp- 


F. K. Pittman, AEC’s reactor development director. 
H. M. Parker, Pittman, J. A. Swartout, S. Lawroski. 
son were absent when picture was taken 
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What Caused the SL-1 Accident?—Some Educated Guesses; 


AEC Telegram Reflects Some of Its Ideas About Cause 


Only the AEC’s official Board of 
Inquiry has the information neces- 
sary to reconstruct the SL-1 accident, 
and, as of Monday, January 23, even 
it didn’t know for certain—or at least 
wasn't saying for publication. But 
many in the nuclear industry were 
conjecturing as to possible causes; to 
guide the conjectures of its readers, 
NUCLEONICSs here presents some of its 
own qualitative thinking about causes. 
Also appended is a telegram that 
AEC sent to reactor licensees which 
reflects of concern to 
the Commission. 

It seems likely from the fact that 
the SL-1 reactor had been shut down 
without incident for 12 days before 
the accident and from the fact that 
the victims were connecting the con- 
trol-rod extension shafts that the ac- 
cident did not arise spontaneously 
but relates to the work being done on 
the control rods. One can hypothe- 
size that for some reason one of the 
control rods was withdrawn manually 
(the control-rod drive motors were 
not hooked up) a distance sufficient 
to make the reactor critical. This 
should have caused the reactor to 
heat up, eventually shutting itself off 
because of the negative temperature 
coefficient of reactivity. But this 
didn’t happen—the reaction reached 
explosive proportions. 


some areas 


The need to invoke more extreme 
Borax-type shutdown mechanisms is 
one of the real mysteries of this acci- 
dent. It would take the very sudden 
removal of rather large amounts of 


negative reactivity to cause an ex- 
plosive excursion (in the one ex- 
plosive excursion of the 1953-54 
Borax test, 4% of reactivity was re- 
moved in 200 milli-seconds by means 
of spring-driven control rods). One 
way to have gotten this sudden reac- 
tivity change in SL-1 was to have 
had the control rods that were not 
yet connected blown out of the core 
by a rush of heated water and steam 
following the first manual control-rod 
movement. And indeed post-acci- 
dent photos show at least two rods 
connected only to their extension 
shafts and at least one other shield 
plug plus extension shaft blown out 
of core. 

Another, less likely, mechanism is 
for the reactor to have lost, in one 
sudden surge, much of the boron 
poison that was distributed in alu- 
minum-nickel strips attached to the 
sides of each of the fuel elements— 
these had been corroding at an ap- 
preciable rate for some months. 

Meanwhile, AEC indicated some of 
the mechanisms possibly pertinent to 
the SL-1 accident it is concerned about 
in a telegram sent in mid-January to 
47 reactor and critical facility _li- 
censees: Asking for a reply to its 
questionnaire within 30 days, AEC 
asked its licensees to furnish the fol- 
lowing information: 


“1. Maximum excess reactivity of 
your reactor, not including the worth of 
control rods or other control devices 
such as burnable poison strips or soluble 
poison, or any experiments, and varia- 
tion of excess reactivity over core life. 


“2. Total control-rod worth. 

“3. Minimum shut-down margin, both 
at room temperature and operating tem- 
perature. 

“4. Maximum worth of single control 
rod of highest reactivity value. 

“5. Description and worth of other 
methods used for controlling reactivity 
such as burnable poison strips or soluble 
poison and variation of the worth of 
these methods over core life. 

“6. Maximum total and _ individual 
worth of any fixed or movable experi- 
ments inserted in your reactor. 

“7. With respect to items 1-6 above, 
the following information should be in- 
cluded: basis for reactivity values, 
(measured, calculated or estimated); 
condition of core for which values are 
applicable (operating or shut down, 
amount of burnup); and dates on which 
reactivity values were last determined. 

“8. The following information with 
respect to operations which could in- 
volve changes in core reactivity when 
the reactor is shut down: a. special pre- 
cautions taken to prevent inadvertent 
criticality; b. whether nuclear instru- 
mentation is used; c. methods used to 
limit and control rate and amount of 
reactivity changes; d. minimum amount 
that reactor is subcritical during such 
operations and how the subcritical mar- 
gin is achieved; e. whether such opera- 
tions are conducted under direct and 
personal supervision of technically 
qualified and designated supervisors; f. 
whether such operations are conducted 
in accordance with written procedures. 
Reports should be submitted in 15 


copies.” 


[Ed. note: For SL-1 foldout published 
NU, Feb. ’59, contact Readers’ Serv- 
ice Dept., Nucleonics—$.25 copy.] 


Thorium Reprocessing Plant for Italy Designed by Allis 


Title I design for a thorium reprocessing pilot plant now lies com- 
pleted atop a drawing desk in the offices of Allis-Chalmers’ Washington 
group, carried out under a year-old joint program with Italy’s CNEN 
(Comitato Nazionale per Energia Nucleare, Italy’s recently-established 


AEC). 

The program to de- 
lineate the technical feasibility and 
economic advantages of the thorium 
fuel cycle links a nearly-completed 
U 5 reactor the Allis built Elk 
River reactor fueled with ThO.-UO;— 
with Italian interests to piece together 
an integrated operation including re- 
reprocessing, and fuel-fabricat- 
ing facilities. Operation of the re- 
processing plant is expected by mid- 
1963. 

If the program Allis 
would become the first reactor man- 
ufacturer able to offer a complete, 
commercial nuclear power package 
based on the thorium cycle. 


Allis’ cost-plus-fixed-fee 


four-year 


actor 


succeeds, 


contract 
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with CNEN covers four phases: Un- 
der Phase I, preliminary design of the 
reprocessing plant has been completed 
and cost estimates are now nearing 
completion; a development program is 
underway in support of the design, 
based on the Thorex solvent extraction 
process, and reactor evaluation to pro- 
vide the Italians with the background 
to select a suitable line of thorium- 
burning reactors. Phase I of the con- 
tract, ending April 15, 1961, is worth 
$350,000. Phase II embraces de- 
tailed design of the pilot plant and 
continuation of the development and 
reactor-analysis programs. Phase III 
includes site preparation (location still 
to be chosen = CNEN) and an 
early-'62 construction start for mid- 


’63 completion. Phase IV covers op- 
eration of the reactor, reprocessing 
and fuel-fabricating plants as an in- 
tegrated fuel system. Results of this 
— will lead to determination of 
rm cost bases for the ThO:-UO: sys- 
tem and demonstration of the feasibil- 
ity of remote refabrication of fuel. 

Capacity of the pilot plant will be 
15 kg/day thoria (ThO: with an ad- 
mixture of 4% UO:). Outside dimen- 
sions of the complete plant are 
150 x 75 ft. Atits heart isa 35 x 15 
ft hot cell for dissolution, feed prep- 
aration and solvent extraction process- 
ing of the spent elements. A key fea- 
ture of the plant is the method of 
mounting, operating and maintaining 
hot process equipment by a — 
mechanical system of movable racks. 
Should a piece of equipment become 
inoperable, the rack holding it would 
be removed to a decontamination and 
repair cell. 
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ACRS Suspends Judgment on Peach Bottom, Raises 
Questions on Safety; Approves NS Savannah Startup 
Two important decisions taken by the Advisory Committee on Reactor 
Safeguards in mid-December were the last before the SL-1 accident in 
Idaho cast its shadow over the entire already-vexing question of reactor 
safety regulations and site criteria. On one case—NS Savannah—ACRS 


hoisted a green light; in the other 
—Peach Bottom—a yellow caution 
signal was raised. 


Peach Bottom 


A cautious, conservative position 
taken by ACRS on the Peach Bottom, 
Pa, reactor saw a number of questions 
raised about the design of the 40-Mwe 
High Temperature Gas-cooled Reactor 
being developed by General Atomic 
division, General Dynamics, for Phila- 
delphia Electric Co. and 51 associated 
utilities. The reactor is to use com- 
bined fuel-moderator elements con- 
taining enriched uranium and thorium 
carbide in graphite cladding. Bech- 
tel Corp. is architect-constructor for 
the $52.8-million project ($14.5-mil- 
lion of that cost being AEC research- 
development aid, plus $2.5-million in 
fuel use-charge waiver). 

“The Committee continues to be op- 
timistic,” said the ACRS in its report 
to AEC Chairman McCone, “that a 
reactor of the general proposed 
in the advanced gas-cooled concept 
can be imuened and operated at 
the Peach Bottom site without undue 
risk to the health and safety of the 
rae General Atomic has em- 

arked on an extensive research and 
development program related to this 
reactor. The initial results from this 
program appear to be favorable. 

“However, there are many questions 
that remain to be answered by the re- 
search and development program 
which is still in its early stages. Sev- 
eral of these questions are in areas 
which could require major changes in 
the present design concepts and could 
conceivably change our early opti- 
mism. For example, the long-term in- 
tegrity of the — under the pro- 
posed design conditions, which lie far 
outside past experience with graphite, 
has yet to be established. Also, the 
experimental data required to deter- 
mine that the fission products emitted 
continuously from the homogeneous 
fuel components can be collected, 
stored and disposed of safely have 
yet to be developed. A novel design 
is proposed for the control rod system, 
but the development is not yet suf- 
ficiently advanced to permit adequate 
evaluation of its reliability. The ap- 
plicant has not provided either a sec- 
ondary ——- safety system or an 
emergency coolant system, nor has it 
yet established to the satisfaction of 
the Committee that these systems are 
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unnecessary. The relatively large as- 
sumed Doppler coefficient has yet to 
be confirmed. 

“In view of the foregoing, ACRS 
is not now prepared to go beyond its 
original conclusion reached in our 
letter to you of March 14, 1960, that 
the Peach Bottom site is suitable for 
a reactor of this general design and 
power level.” 

Meantime the construction permit 
Philadelphia Electric requested July 
25, 1960, remains on AEC’s list of 
pending licensing business. With 
construction start already six months 
behind the date set in the proposal 
made to AEC by the 52 utilities, Gen- 
eral Atomic is faced “not only with 
the reactor’s development—but its in- 
vention,” as one AEC staff member 
puts it. 


NS Savannah 

ACRS’ action on the world’s first 
nuclear merchant ship, although basi- 
cally more positive, also contained 
reservations, namely two restrictions. 

Subject to these restrictions, ACRS 
concluded that “the reactor can be 
operated without undue hazard to the 
health and safety of the public” 
through its period of sea trials. The 


restrictions are: 1. that the reactor not 
be operated at more than 7 Mwth— 
10% of full power—at dockside at 
Camden, N. J., where she is being 
built; and 2. that before she goes into 
experimental service at sea, her per- 
formance “be documented for formal 
review by the AEC staff and ACRS 

. to establish as soon as possible 
what limitations, if any, should be 
placed” for safety reasons on opera- 
tion of the ship. 

ACRS also recommended: 1. 
of the results of the startup test pro- 
gram through the 10% power level be- 
fore the reactor is taken to higher 
power levels; 2. a study of the chance 
that flooding of the reactor compart- 
ment as a “last resort” protective pro- 
cedure might have undesirable conse- 
quences, in particular adverse stresses 
induced by possible contact of cold 
water with the hot containment ves- 
sel; 3. review of the program to de- 
velop a nondestructive monitoring pro- 
cedure for frequent checking of the 
filters for iodine and particulates; and 
4. review of the pertinence of recent 
failures of 17-4-PH steel to be used in 
Savannah's control rod design. On 
the last point, a high official of the 
Maritime Reactors Branch told Nv- 
CLEONICS that all 17-4-PH steel used 
in Savannah’s control rod drives is of 
the 1100° F heat-treated variety (see 
story on Dresden rod drives, p. 25) 
and therefore not subject to the stress 
corrosion cracking that occurred in 
Dresden parts made of 900°-treated 
steel. 


review 


Seaborg nominated to AEC chairmanship 
An eminent scientist-administrator, California University’s Glenn 
T. Seaborg, was nominated for the AEC chairmanship last month 


by President John F. Kennedy. 


scientist ever to lead the nation’s nuclear program. 


Seaborg would be the first 
On his 


nomination, he was chancellor of the University of California at 
Berkeley and associate director of the Lawrence Radiation Labora- 


tory. 


The 48-year-old chemist was born Apr. 19, 1912, at Ishpeming 
Mich., took his bachelor’s degree at the University of California 
at Los Angeles in 1934 and his doctorate at Berkeley in 1937 
Included in his nuclear background are major contributions to the 
identification of plutonium and uranium-233 and the discovery of 


nine new transuranic elements 


94 through 102. 


Under Seaborg’s 


leadership, particularly in the field of heavy elements, whole 
bodies of methodology and instrumentation have been pioneered 
Seaborg won the Nobel Prize in chemistry in 1951. 

Industry’s reaction appeared to be compounded of neutrality 
and high hopes, of familiarity with his fine scientific reputation and 


unfamiliarity with his personality. 


Most industry spokesmen ex- 


pressed a “watch and wait” attitude; those who knew him were 


high in their praise. 


His views are relatively little known; in a 


1958 speech he looked forward to competitive nuclear power being 


“within reach in a few years.” 


A registered Democrat, he brings 


AEC’s political make-up to 2-and-2, and nomination of the fifth 
commissioner was expected soon. 
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REACTOR NEWS 


ORNL TO BUILD FAST BURST REACTOR 

The $1.4-million Fast Burst Reactor, small enough to be 
suspended from a balloon if necessary, will be built at 
Oak Ridge National Laboratory starting in April. FBR 
will provide short bursts of radiation—40 microsecond 
bursts of fast neutrons as free as possible of thermal neu- 
trons, 10" fissions per burst—for biomedical and health- 
physics research. The core will consist mainly of 
uranium-molybdenum alloy, without moderator or 
shielding. Power levels will range up to 1 kwth. FBR 
will be suspended on a derrick at new facilities ~2 mi 
from the Tower Shielding Facility and behind a ridge. 
The program includes the possibility of taking the re- 
actor to the Nevada test site where instead of the derrick, 
a balloon would hang FBR over various experiments. 
Included in FBR’s work schedule are instrument devel- 
opment and dose studies, medical uses of radiation, solid 
state physics, nuclear chemistry, and neutron physics re- 


search. NDA will build and install the reactor. 


PG&E APPROACHING DECISION ON 300-Mw UNIT 
Pacific Gas & Electric Co. has been aiming at making 
its decision by Feb. 15 on whether to build a 300-Mwe- 
plus power reactor, probably at Bodega Head 50 mi 
north of San Francisco. If built, the reactor would prob- 
ably be a General Electric boiling water reactor. PG&E 
engineers analyzing what the economics of GE’s pro- 
posed plant would be on their system, are approaching 
the end of their studies: if these show 6.5 mills/kwh 
power cost to be attainable, the utility will go ahead. 
Most recent reports from PG&E, however, indicate that 
the situation is still far from being cut-and-dried: that 
the Feb. 15 date may not be met, and that “a lot of 
pencil-sharpening” is underway. Meanwhile at PG&E's 
Humboldt Bay station work is proceeding on sinking a 
caisson into the ground for the 50-75-Mwe reactor and 
its surrounding pressure-suppression chamber. The 
Humboldt Bay reactor—Unit No. 3 at an already exist- 
ing conventional station—is expected to make — at 
8-8.5 mills/kwh from its second core. Completion of 
construction at Humboldt is still scheduled for March 
1962, despite the delays in granting of the construction 
permit. This would mean initial criticality in June 
1962; PG&E’s power department wants to be able to 
draw firm power by fall of 1962. 


PARSONS, THIOKOL WIN ROCKET FACILITY 
Chosen contractors for the coveted job of designing the 
new National Nuclear Rocket Development Facility in 
Nevada (NU, Dec. 60, 27) were the team of Ralph M. 
Parsons and Thiokol Chemical Corp. The contract, 
when finally negotiated, will cover a four-month archi- 
tect-engineering design study. It will also consider de- 
tailed site data, number and type of test stands needed, 
control center, support facilities, assembly and disassem- 
bly buildings, water and electricity needs, and construc- 
tion costs and schedules. The facility is expected to be 
a huge one costing many millions. Unofficial estimates 
put the amount of the contract at $150,000—200,000. 
Other finalists in the bidding—from 12 original proposers 

were Bechtel Corp., and Aetron division of Aerojet- 
General Corp. Thiokol, nuclear subcontractor to Par- 
sons, is part of a four-company team known informally 
as TALANT and including Allison division of General 
Motors, Linde Co. division of Union Carbide, and Nu- 
clear De velopm«e nt ¢ orp. of America. 


ELK RIVER STARTUP DELAYED 
Fuel element problems have delayed initial criticality of 
the 15-Mwe Elk River boiling water reactor, near com- 


Vol. 19, No. 2 - February, 1961 


pletion by Allis-Chalmers for Rural Cooperative Power 
Assn. Martin Co., fabricator of the elements, is expected 
to take back all the 87 it delivered, after weld overheat- 
ing was discovered to have caused leaks in outer tube 
walls. Project officials however said the delay was not 
unwelcome, because of their extremely tight schedule to 
go to power. AEC had scheduled a hearing late last 
year to authorize Elk River to go to power 90 days after 
authorization, but has now postponed the hearing to 
March 7. Preoperational testing of the 22-Mwe facility 
(with 7 Mw coal-fired superheater) is still going on. 
Under the new schedule, core loading is to take place 
shortly after the March hearing, with full power to 
follow in 90 days. 


PM-2A GETTING MORE SHIELDING 

The PM-2A reactor at Camp Century under the Green- 
land icecap was shut down in late November before 
completing its acceptance tests when localized neutron 
streaming was discovered in a 30° cone above the re- 
actor. This would have affected only the plant’s pre- 
scribed ability while at full power to unload previously- 
spent fuel elements from the spent fuel tank above the 
reactor (designed to provide shielding above the core 
as well as decay cooling for spent fuel). Nevertheless 
Alco Products, the reactor’s builder, designed additional 
shielding which has been shipped up to the site and is 
now being installed. Resumption of operation was ex- 
pected in late January. Prior to shutdown the plant had 
carried the entire Camp Century load (700 kw, about 
half the reactor’s 1.5-Mwe ‘capacity) for three periods 
of 6-10 hours. 


CORNING OUT OF SYLCOR 

Sylcor became a wholly-owned division of Sylvania Elec- 
tric Products Inc. on Jan. 1, Corning Glass Co. having 
completely retired its remaining interest in Sylcor—orig- 
inally a 50-50 joint subsidiary. Corning last spring had 
sold to Sylvania “a substantial portion” of its 50% hold- 
ing. Despite Corning’s withdrawal, the joint name Syl- 
cor (from Sylvania-Corning Nuclear Co.) will be re- 
tained; the unit will be known as the Sylcor division 
of Sylvania Electric. Lee Davenport, formerly president 
of Sylvania-Corning Nuclear, is now general manager of 
Sylcor division and a vice-president of Sylvania Electric. 


GE REPLACING DRESDEN, RWE CONTROL PARTS 
The 15-Mwe RWE reactor at Kahl, Germany, is now 
shut down in the wake of the Dresden shutdown (NU, 
Jan. "61; 25), to get the same modification: replacement 
of control-rod-drive components made of 17-4-PH steel 
heat-treated at 900° instead of 1100° F. The new 
Armco steel alloy (17% chrome, 4% nickel, precipitation 
hardened) had been chosen for its hardness, for the 
tubes connecting the control rod drives to their control 
blades; it develops that the 1100°-treated variety, not 
entirely as hard as the 900°-treated steel, is in a less 
brittle condition, can take more impact shock and does 
not develop the hairline cracks that appear in the latter 
under tensile load in hot water, apparently because of 
residual stress remaining after die drawing. In other 
parts of the control rod drive system where wear re- 
sistance is not vital, the 17-4-PH steel is being replaced 
by austenitic stainless steels of the 300 series and by 
inconel-X. GE now hopes to get Dresden back on the 
line by not later than May 1, Kahl in February or as 
soon as the German Federal government issues a license. 
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WORLD NEWS 


Britain Plans Biggest A-Station 


The world’s largest power station, 800 Mwe, has been 
proposed by Britain’s Central Electricity Generating 
Board. CEGB has applied to the Ministry of Power for 
a site near Wylfa Head, facing the Irish Sea on the north 
coast of Anglesey island, northwest Wales. If the Min- 
istry grants permission, Wylfa Head will be the ninth 
civil nuclear power station in Britain (six are under con- 
struction; the contract for No. 7, Sizewell, was awarded 
late last year (NU Wk, 1 Dec. ’60, 5); and a contract 
for No. 8, Oldbury, is expected to be awarded shortly). 
Together the nine stations total just under 4,500 Mwe, 
all of which should be available by 1967. CEGB’s goal 
is 5,000-6,000 Mwe by 1968. There is as yet no indi- 
cation whether magnox-clad fuel elements (as in Calder 
and the first seven or eight civil station) will be used, 
or whether the Advanced Gas-cooled Reactor concept, 
next stage in British development of gas reactors, is 
planned. Following extension of the British nuclear pro- 
gram’s time scale, there is some evidence that the degree 
of urgency associated with the AGR program and the 
30-Mwe AGR prototype at Windscale have been relaxed. 





Owen Raps British Steel Makers 


The British steel industry was harshly criticized by Sir 
Leonard Owen, member of the U. K. Atomic Energy 
Authority, for not having sophisticated steels for use in 
the British nuclear program. Addressing a symposium 
on steels for reactor pressure circuits, he cited two major 
examples: the metallurgical problems in building the dif- 
fusion plant at Capenhurst, and the enforced use of low 
carbon steel that results in low-tensile-strength steel for 
reactor vessels. 





Bechtel Designs Power Reactor for Spain 

A preliminary design of Spain’s projected first nuclear 
power plant has been completed by the Bechtel Corp. 
The reactor is the 30-Mwe dual-purpose power-and-test 
unit, heavy water moderated and organic cooled, that 
Atomics International proposed in a design competition 
in 1959. AI would supply the reactor, and Bechtel was 
engaged by Spain’s Junta de Energia Nuclear to make a 
preliminary design of the over-all plant, including cost 
estimates and time schedules. The Junta was ,reported 
as being confident that construction on the project would 
begin this year. 


France’s EDF Plans 4th Reactor 


Electricité de France is planning a fourth large reactor 
in its series of preente t. graphite natural-U power re- 
actors. Several sites in Normandy are already under 
study for EDF-4 (EDF-3 will be the last reactor built 
at the Chinon site because of limitations on cooling water 
available from the Loire). EDF-4 is presently expected 
to be an optimized version of the CO:-cooled EDF-3, 
and to have a net output in the range of 450-Mwe, and 
two 250-Mw turbines. A fourth generation commercial 
plant, EDF-4 should not, incidentally, be confused with 
EL-4, the 80—100-Mwe reactor in the Monts d’Arrée re- 
gion of Brittany (NU, May ’60, 28), which will be heavy- 
water moderated—although also natural-U fueled and 
CO:-cooled—and will be built as an experimental plant 
by the Commissariat 4 Energie Atomique. 


U. S. May Join ENEA Under New OECD 


The U. S. may become a full member of ENEA—the 
European Nuclear Energy Agency—in the wake of re- 
placement of its parent organization, OEEC (Organiza- 
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tion for European Economic Cooperation), by a new 
body of broader aims and scope, the Organization for 
Economic Cooperation and Development. Signature of 
the treaty setting up OECD by the U. S. last month 
marked the U. S.’ intention of joining OECD as a full 
member after having participated in the work of OEEC 
for some 12 years as only an observer, then as associate 
member. ENEA will remain essentially unchanged, 
continuing as a semi-autonomous agency under the aegis 
of OECD. The U. S. and Canada—both of which had 
been associate members in OEEC and will become full 
members of OECD—will be free to decide whether or 
not they wish to increase their degree of involvement in 
ENEA from associate to full membership. ENEA, 
which now numbers 18 full members—all European 
countries—frankly hopes the U. S. will choose to become 
a full member. As for Canada, associate membership 
has worked out so well that it is “perfectly satisfied me 4 
the way things are now.” 


ENEA Sets Up A-Ship Study Group 


A study group on nuclear ship propulsion has been set 
up by the European Nuclear Energy Agency. The 
group has been assigned to make a broad study whose 
scope will include the pros and cons of nuclear propul- 
sion for merchant ships; the type of reactor (and whether 
current or more advanced design) and what type of 
ship (category and size) would be best suited to a first 
venture; the feasibility of designing, building and operat- 
ing a nuclear ship as a cooperative international project; 
and the best approaches to such problems as third-party 
liability, public health, and operating regulations and 
procedures. 





Israel to Build 24-Mwth Reactor 


Israel’s project for a pilot power reactor calls for a 24- 
Mwth natural-U fueled, heavy water moderated, gas 
cooled reactor, according to Prime Minister David Ben 
Gurion’s address to the Knesset (Parliament) Dec. 21. 
The unit will be of Israeli design, with French participa- 
tion on supply of parts and materials, including electronic 
control equipment. The project—although “dedicated 
entirely to peaceful purposes,” in Ben Gurion’s words 
had previously been kept secret 18 months allegedly for 
fear of repercussions among the Arab states. When 
word got out, a week of wild rumors and speculation fol- 
lowed culminating in diplomatic inquiries to assure that 
Israel was not planning a plutonium production reactor 
for a weapons project. The reactor is to be built in the 
Negev desert south of Beersheba, where Israel has 
uranium-bearing phosphate deposits for which it has been 
working for years to develop an economic extraction 
process. Ben Gurion said the purpose of the reactor 
which will not have power-conversion equipment—will 
be for extension of atomic research in science, medicine. 
agriculture, etc., and for accumulation of experience 
looking to later construction of a power reactor. The 
project, under way over a year, is to be completed in 3-4 
more years. 





SENN Planning 2nd Reactor 


A second power reactor, adjacent to the 150-225-Mwe 
General Electric boiling water unit now under construc 
tion between Rome and Naples, will be started by SENN 
in 1962, according to authoritative sources in Italy. 
Details on the second unit were not available, but U. S 
observers said there was plenty of room and cooling 
capacity at the site. 
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NEWS 


Radiation Institute Organizes; Objectives Stated 


The idea of establishing an Institute on Radiation, first 
conceived last May, has taken roots. An informal work- 
ing group dug in at Chicago recently, drafted a statement 
of proposed objectives, and set out to answer basic 
questions of organization: status and funding. This 
group declared its primary objective was: to help the 
public gain understanding on the meaning and effects 
of radiation by creating an institution to which the public 
could turn with complete confidence for radiation in- 
formation. Still unanswered is the question of status: 
the group sought to decide whether to organize inde- 
pendently, or attempt to affiliate with a university. On 
funding the institution, the group sought answers to 
long-range financial commitments required to support 
the organization. They did, however, establish the in- 
stitution’s needs for a period of several years at $500,- 
000—$1-million; they will ask for grants from founda- 
tions interested in supporting such a program. Working 
papers used during preliminary talks emphasize essentials 
the group feels imperative to the success of the organi- 
zation: “The institute must be free from any semblance 
of subordination to any group identified in the public 
mind with special interests”; and “in order to attain prac- 
tical acceptance among those working in the field, the 
institute must maintain an intimate working relationship 
with all groups.” Those active in the working group 
include: F. Aley Allan, Mobil International Oil Co.; 
Joe W. Howland, Univ. of Rochester; Charles F. Mac- 
Gowan, Int'l. Brotherhood of Boilermakers; John H. Rust, 
Univ. of Chicago; Elwood Swisher, Oil, Chemical and 
Atomic Workers; G. Edwin Brown, AIF; William A. 
McAdams, General Electric; C. Rogers McCullough; Nu- 
clear Utilities Service Co.; and Bernard B. Smyth, Dow, 
Lohnes, & Albertson, Washington, D. C., law firm. 


AEC Sets Up New Coordination Office 

AEC grants for nuclear equipment and other types of 
training assistance in nuclear technology will now be 
idministered from one office. This new coordination 
office is established within that of the Assistant General 
Manager for Research and Industrial Development under 
Alfonso Tammaro. John C. Cera, previously chief of 
education and training for the Reactor Development 
Div., will be the first coordinator, reporting directly to 
Tammaro. Under Cera’s single management will fall 
AEC grants—domestic, not foreiga—for purchases of nu- 
clear equipment; loans of source, by-product and special 
nuclear materials; special AEC fellowships in nuclear 
science and engineering, health physics and industrial 
hygiene; training for prospective nuclear power station 
operators, and facility training for high school and col- 
lege teachers in handling radioisotopes. 

When AEC announced last August it would discon- 
tinue training reactor grants, a major reason was removed 
for having the Reactor Development Div. handle the 
training grant program. Then, Cera’s staff was trans- 
ferred out of a single division to a higher level. (This 
move is one of many reflecting AEC’s effort to consoli- 
date assistance programs now scattered throughout the 
divisions of Reactor Development, Biology & Medicine, 
Research, and the Office of Isotope Development.) To 
replace training-reactor assistance, AEC plans to provide 
less-expensive subcritical assemblies and reactor simula- 
tors. However, for existing university research reactors 
AEC will still provide fuel loans, start-up sources, fuel 
fabrication and reprocessing services. The National Sci- 
ence Foundation will continue to assume primary Federal 
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responsibility for giving construction aid for such re- 
actors. 


NUMEC Gets AEC Operating License 


Nuclear Materials and Equipment Corp. has been 
granted an operating license for its plutonium facility at 
Leechburg, Pa. Although the lab has been completed 
for months, all hazard questions had to be answe: 
before AEC issued the license. Now NUMEC will use 
the facility primarily on a Pu-oxide fuel-cycle contract 
with AEC. In addition, it will fabricate Pu-beryllium 
neutron sources which are now available only from AEC’s 
Mound Laboratory. AEC promises to channel all com- 
mercial inquiries for neutron sources to NUMEC. Bat- 
telle Memorial Institute, equipped to conduct studies on 
all aspects of Pu metallurgy, has the only other privately- 
owned Pu lab in the country. 


AEC Sets Up Access to Gas Centrifuge Knowledge 


An access-permit program has been established by 
AEC for industry to use the now-secret gas centrifuge 
technology. To gain access to the information, AEC 
says, the firm “must demonstrate a capability for, and 
a serious interest in, making a cchnamatel ellen to engage 
in gas centrifuge development.” Also, industry repre- 
sentatives must gain AEC security clearance and agree 
to comply with other requirements. 


AEC Requests $2.68-Billion for 62 Spending 

The so-called McCone Commission last month submitted 
its last ey iy ey erg my to include a budget of 
$2.68-billion for the fiscal year beginning ply 1, some 
$20-million less than estimated current spending. Chair- 
man John A. McCone was to leave the chairmanship 
after 2% years in the post. The $2.68-billion figure in- 
cluded $2.505-billion Pe operating expenses and $175- 
million for new capital spending; traditionally, the latter 
construction figure is low when the budget is first sub- 
mitted and is increased as AEC goes through its con- 
struction-authorization process in Congress. For exam- 
ple, AEC said it would request supplemental funds for 
the $130-million Stanford linear accelerator if it is au- 
thorized later this year. Some highlights of the 1962 
budget: 

1. The overall increase of $20-million from current 
spending does not reflect increased spending for civilian 
development programs; actually there is an increase of 
$60-million for the weapons program, with the civilian 
total about $40-million less. 

2. Operating funds for reactor development, as pro- 
posed, are down to $422-million from $438-million in 
the current year. This includes an extremely sharp cut 
in the Aircraft Nuclear Program—down to $33-million 
from this year’s $72.6-million—reflecting an Adminis- 
tration decision to drop one of the two approaches now 
under investigation. Explaining this decision, President 
Eisenhower said simply, “The efforts to develop a nu- 
clear engine for military aircraft will be continued in 
1962 on one technical approach.” 

3. For the Office of Isotope Development, $5.5-mil- 
lion was proposed (another $570,000 was asked for 
isotope education and training). The $5.5-million fig- 
ure compares with $3.8-million this year. 


Yankee: 2nd U. S. Reactor to Reach Full Power 


Yankee Atomic’s pressurized-water reactor went to full 
licensed power of 110 Mwe on Jan. 17—the second large 
commercial reactor to do so in the U. S. Dresden was 
the first, reaching 180-Mwe last summer. 
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AEC’s Isotopic Power For Space Under Way 


A 4part program on the safe use of isotopic power in 
space has been authorized by AEC. Martin Co. will 
manage the entire program. One of the four investiga- 
tions planned is aimed at confirming theoretical burn-up 
data on re-entry of isotopic generators by firing simulated 
or actual cores into space. The other aims of the study 
program cover: 1. hazards of landing a radioisotopic gen- 
erator on the moon (dispersion, length of contamination 
of different isotopes, etc.); 2. hazards of launching a 
generator from Cape Canaveral (all previous studies have 
been based on a West Coast launching—primarily Van- 
denberg AFB in California); and 3. development of a 
shielding code for isotopic generators (with a given 
isotope, what shielding is required? what is best shield 
shape, weight? how much radiation is self-absorbed?). 
Curium-242, polonium-210, cerium-144 and plutonium 
are the chief nuclides expected to be studied. They 
are considered the best sources for use in space since 
they require less shielding than, for example, strontium- 
90. Generators using strontium, cesium, and mixed 
fission products are expected to be used in terrestrial 
and marine applications, where shielding weight and size 
are not as crucial as in space. Martin and AEC having 
just begun negotiations, the extent of the space program 
is not yet defined; financial and other details are still 
to be worked out. 


Low-Dose Irradiation of Potatoes Promising 

A report received by the European Nuclear Energy 
Agency at a meeting in Paris in December showed low- 
dose irradiation of potatoes to be both economical and 
technically possible. Submitted by Conservatome, one 
of the sponsors of a food-irradiation facility near Lyon, 
France, the potato report was the first in a series on dif- 
ferent foods ENEA plans to test under its low-dose 
food-irradiation program. Conservatome’s reports created 
such interest that reports from representatives of four 
nations on work in their countries were contributed: 
eggs, being studied in Britain at Wantage; fruit juices, 
Austria; and two unspecified foods in Germany and 
Holland. The meeting resulted in a decision to hold 
sessions twice a year and to establish a health-and-safety 
group to study the wholesomeness aspects of food irradia- 
tion, and to establish standards for irradiation of foods. 
ENEA will be working with the Food and Agriculture 
Organization of the United Nations. The U. S. AEC, 
which is also running a low-dose irradiation program for 
the U. S., has offered ENEA its full cooperation, and 
will contribute substantially to its studies. 

U. S. Program: Meanwhile, the U. S. Interdepart- 
mental Committee on the Radiation Preservation of 
Food—which has coordinating responsibilities over all 
governent activities in food irradiation—scheduled a 
meeting early last month to get status reports on AEC’s 
Civilian Food Irradiation Program, the Army’s program 
and the smaller efforts of the Agriculture Dept., the 
Interior Dept.’s Bureau of Fisheries and other agencies. 


100th Analyzer Sold by Intertechnique 

Intertechnique, French maker of multi-channel analyzers 
for markets throughout Europe, reports the sale of its 
100th analyzer. Intertechnique has been working since 
1957 under a license from Radiation Instrument Develop- 
ment Laboratory (RIDL); its Nuclear div. also manu- 
factures radiation and reactor instrumentation for mar- 
kets principally in France. Sales of the division in 1960, 
according to Commercial Director Robert Cohen, were 


increased from $1.3-million in 1959 to $1.6-million. Re- 
cently the company introduced a multi-probe radiation 
detector with interchangeable heads (for alpha, beta, 
gamma, and neutron radiation, plus radon) and has 
nearly completed its first multi-dimensional analyzers 
for simultaneous analysis of nuclide spectra; several have 
already been ordered, but are not yet delivered. 

Intertechnique anticipates a major market in the nu- 
clear field for small, sophisticated computer equipment 
automatically processing information developed by de- 
tector and counting instruments. Cohen, admitting his 
company did not have any specific development program 
for such computers, said: “This is something we might 
want to get into.” His estimates of nuclear instrument 
sales in various European countries were: France, $7-8- 
million; Germany, $5-million; Sweden, $3-million; Bel- 
gium, $2.5-million; Italy, $1.5-million; Denmark, $500,- 
000; Yugoslavia, $500,000; and Norway, $200,000. 


Full Operation of U. K.’s Cobalt-60 Irradiator 

Britain’s 150,000-curie irradiator at Wantage, west of 
London, is expected to go into full operation this month 
for the first time. It is fully committed to meet com- 
mercial irradiation needs. British companies, most of 
them marketing medical and pharmaceutical supplies 
such as catheters, syringes, etc., have booked all the 
irradiator’s available time for nearly a year after it goes 
into full-scale production. Since its completion about 
a year ago, Wantage has been plagued by a number of 
problems—worst of them: compaction of its packages as 
they were pushed past the cobalt source by a ram (NU, 
Feb. 60, 100). Plywood packages have now been de- 
signed to carry the product past the source, through twin 
conveyor systems redesigned to take the wooden carriers. 
By mid-February, the plant will be operating on a 6-day 
schedule around the clock. 


Bureau of Mines Plans Large Irradiator 

Design and specifications for a Bureau of Mines irradia 
tor, using 100,000 curies of cobalt-60, were recently 
completed by Internuclear Corp. The new facility, to 
be located at the Bureau's metallurgical research center, 
Albany, Ore., still has no construction schedule, still 
needs the necessary funds. Bureau officials are hoping, 
nevertheless, to get construction under way by June 30 if 
money can be skimmed from other Bureau projects. “If 
not this [fiscal] year,” officials say, “we will start next 
year.” The Albany irradiator, scheduled for research 
on metals, coal, petroleum, etc., would be a conventional 
hot cell. Storage of the source is in water beneath the 
cell. It is rated at 200,000 curies of cobalt-60, but the 
configuration of the source has not yet been decided. 


AEC will provide the cobalt. 


Tritium Cleared for Non-licensed Use on Dials 


AEC has issued its first licensing exemption for the use 
of a radionuclide on luminous watch and other dials. 


The exemption permits purchasers of watches and other 


timepieces using tritium to do so without getting a li- 
cense from AEC. Those applying the tritium to dials, 
however, would be subject to fairly strict AEC control. 
At least two radiochemical manufacturers in the U. S. 


have indicated interest in marketing tritium for dial use 


—New England Nuclear Corp. and U. S. Radium. 
Under the exemption, not more than 25 millicuries may 
be applied per timepiece and manufacturers must pre- 
sent the timepiece for prelicensing inspection by AEC, 


to demonstrate that AEC’s standards will be met. AEC 


is also reviewing other nuclides for such clearance. 
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and bere's why! 


e TRANSISTORIZATION insures trouble free operation and 
ment of only one readily obtainable mercury 
excess of 150 hours. 
* EXTREMELY WIDE RANGE allows measurements at the personne 
in the “R” range 
Ranges: 0 - 5 mr/hour full scale 

0-50 mr/hour full scale 

0 - 500 mr/hour full scale 

0-5 R/hour full scale 

0 - 50 R/hour full scale 
*ENERGY RESPONSE is flat over the range of 
and Gamma measurements of all types 


* ZERO CONTROL enables the instrument to be ze: 


® HUMIDITY RESISTANT operation is obtained by means of a desic 
electronic compartment. 


30 Kev. to 2 Mev 


oed while in 


Point for point, any way you look at it the new CS-40A is 


Complete specifications and prices available from the Technical Services Department 


| 
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NUCOR'S CS-40A “CUTIE PIE” ~~ 
IS THE BEST GAMMA SURVEY METER ™ 


requires a battery comple- 


cell providing an operational life in 


exposure level and 


ind permits X-ray 


radiation field 


-d, moisture tight 


i must for any laboratory 


Instrument & Research Division 


NUCLEAR CORPORATION OF AMERICA 
DENVILLE, NEW JERSEY 








RCA 25 KW R-F Load and Wattmeter lets you 


measure power output up to 890 MC 


Combines dummy load and r-f power measurement func- 
tion— Power indication given directly in watts—Easily 
installed— Used in high power applications for many years. 


A column of tap water is used for power dissipation. The 
input of the load consists of a polyethylene transformer 
section to match the connecting line. The opposite end of 
the line is short-circuited and contains the input and 
output water connections. Broadband wattmeters with 
scale ranges of 0 to 15 KW or 0 to 25 KW are available. 
These allow direct incident power readings, or with a 
180° turn, a reading of the reflected power. 


Write to RCA High Power Electronics and Nucleonu 
Department R-86, Building 15-1, Camden, New Jersey 






EQUIPMENT NOW IN 
STOCK—AVAILABLE FOR IMMEDIATE DELIVERY 


25 KW R-F Load Assembly for frequency range 
470-890 megacycles .. . Specify MI-19198-A2 Price $1,050. 


25 KW R-F Load Assembly for frequency range 
400-450 megacycles .. . Specify MI-28646 Price $1,055. 


15 KW R-F Wattmeter for use with above loads 


.. Specify MI-27350 Price $ 550. 


25 KW R-F Wattmeter for use with above loads 
.. Specify MI-27363 Price $ 550. 


Connector required to add wattmeter to load 
... Specify MI-19089-10 Price $ 28. 


Note: Special loads can be supplied for 
other frequencies on a custom basis 
The Most Trusted Name in Electronics 


= RADIO CORPORATION OF AMERICA 
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PAR EXCELLENCE 


OBTAINABLE FROM THE NEW GRAPHITE PROCESSING TECHNIQUES AT LANGLEY 


Natura rosity to gases and fluids is no longer a major disadvantage. 


Hawker Siddeley Nuclear Power Company's processes 
broaden the field of Graphite usage in industry. The new 
t ' eability to gases which shows a 

»ver Normal grades — an improve- 

nt and independent of temperature 

al properties are twice as good andthe 

eatly reduced. This denser material 

iction in the physical dimensions of 

ystems for power generation. Corro- 


sion-resistant and oxidation-resistant grades are eminently 
suitable for application in the chemical industry and in 
equipment for handling molten metals. Already, specific 
uses in appropriate environments include crucibles — par- 
ticularly for handling rare metals — high temperature dies, 
bursting discs, pump seals, gland packings, rocket nozzle 
components and high temperature bearings and bushes. 
it is also used in the manufacture of transistors. 

lf you have an intractable materials problem, contact:— 


HAW REF SIDDELEY NUCLEAR POWER CO. LTD 


La Langley, Bucks, England 
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Telephone No. Slough 24451 


MEMBER OF HAWKER SIDDELEY GROUP 
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KANIGEN 


The proved nickel alloy chemical plating—available only 


from General American and its licensees 


KANIGEN is a chemically and metallurgically unique process for applying a hard, corrosion 
and abrasion resistant surface to most metals. KANIGEN is being used successfully for 


coating almost everything of any size 


from the inside of a tank car to a tiny surgical 


needle—providing extreme uniformity of coating thickness even on complex shapes. Rack, 


jig or barrel plating may be used with KANIGEN. 


Since KANIGEN is a nickel alloy, it has many 
qualities which make it desirable for nuclear 
applications. Valves, pumps, pressure ves- 
sels, tube bundles and headers are typical 
of the pieces that have been successfully 
plated with KANIGEN. 


KANIGEN is available from General American 
at East Chicago, Indiana; Sharon, Pennsy]- 
vania, and Compton, California, and from 
licensees in many cities. For further infor- 


mation, call or write. 


KANIGEN is a trademark which identifies chemical nickel coating 
by General American Transportation Corporation and its licen 
sees, the product resulting therefrom and compositions produced 
by them for use in chemical nickel coating. 


Kanigen Division 








PHYSICAL PROPERTIES 
Specific gravity Bs ola : 7.9 
Melting point sabia 1635 °F 
Electrical resistivity 
approximately 60 micro-ohms/cm ‘cm? 
Coefficient of expansion 
13 x 10° em/em per °C or 
7.22 x 10° in/in per °F 
Thermal conductivity 
approximately 0.0105 to 
0.0135 cal/em see °C (calculated) 
Hardness 
as plated—49 Rockwell C 
heat treatable to 70 Rockwell C 





World’s largest production facilities for 
chemical nickel alloy plating on 

Iron 

Copper 

Aluminum 

Titanium 

Beryllium 

and their alloys 

Pilot plant facilities are available for nickel 
alloy chemical plating on magnesium, uranium 
and non-metallics including thermosetting 
plastics, glass, ceramics. 








GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South LaSalle Street * Chicago 3, Illinois 


KANIGEN 
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to their main functions—monitoring and controlling power level, 
rate of change of power level, pressure, temperature and coolant 
flow—Stromberg-Carlson control systems check themselves con- 
tinuously. Should the suspicion of a malfunction occur ... scram 
rods drop and the address of the faulty part is flashed on the annun- 
itt ciator. The operator can pull the offending module and plug in a 
the tack of relishilay in control ner replacement in minutes—compared to the hours previously needed 
:mount of down time for the system itself to eat hele tebe auneiem. 
tor. This new equipment slashes that down 


vance towards making atomic power com- 

ventionally produced power. 

mpletely solid-state, modularized control 
iny more hours of electrical power pet 


ictors. 


If you’re concerned with nuclear power—marine, portable, re- 
search or commercial—write for the illuminating facts. 


lateau of fail-safe operation, achieved through 


sistors and key-point use of solid-state relays. 
f power are gained through the inherent ability Engineers and scientists interested in challenging opportunities 
speed service procedures. While attending are invited to send résumés to Director, Technical Employment. 


STROMBERG -CARLSON 
a ovision or GENERAL DYNAMICS 


1400 N. GOODMAN STREET / ROCHESTER 3,N.Y. 




















Tomorrow’s weather report will be clear and dependable 


THANKS TO WEATHER SATELLITES SUPPLIED WITH AUXILIARY POWER BY COMPACT NUCLEAR 
REACTORS, meteorologists will be able to make far more accurate forecasts in the not too 
distant future. By orbiting advanced weather satellites for extended periods of time, fore- 
casters could secure a steady stream of information about changes in the upper atmos- 
phere of the earth. To give these satellites, and other space vehicles, long periods of 
usefulness, Atomics International is today developing compact nuclear reactors which 
will provide a lightweight, reliable source of electricity for as long as a year, yet will never 
need maintenance. At Atomics International there are many other equally challenging 
nuclear projects underway. You are invited to share in this important work. 


Immediate opportunities are available in: 


STRESS ANALYSIS. Degree plus five or more 
years of experience either in thermal stress or 
dynamic stress resulting from shock and vibra- 
tion loads in aircraft structures. Responsibilities 
will entail design support for compact nuclear 
power plants for space applications, including 
review of all designs with respect to stresses re- 
sulting from thermo gradients and transients, 
static loadings, vibrational and shock loadings. 


CORE ANALYSIS. Core analysis of compact re- 
actors including both core statics (criticality, 
reactivity coefficients, control statics) and 
stability analysis (core transients, amplitude 
response, interpretation of oscillator and noise 
measurements). 


SHIELDING ANALYSIS. Analysis of thin shield 
systems using high speed computers. Proposal 


of experiments to substantiate calculations and 
analysis of test results. Degree and three to five 
years experience required including an under- 
standing of Monte Carlo methods. 
THERMOELECTRIC. Electrical engineer with 
one or more years experience in the development 
of thermoelectric equipment to originate and 
develop advanced, light weight thermoelectric 
equipment for use with compact nuclear power 
plants for space and other mobile applications. 
HEAT TRANSFER. Senior engineer to be re- 
sponsible for system engineering studies on the 
thermal, hydraulic and thermodynamic perform- 
ance of compact power reactor systems. 

For specific details write: Mr.C. B. Newton, 
Personnel Office, Atomics International, 

8900 DeSoto Avenue, Canoga Park, Calif. 


ATOMICS INTERNATIONAL “GF; 
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avy photograph taken through the Kolimorgen 8B Periscope of the Seadragon during its polar cruise in August, 1960. 


1,000 miles out to see 


lonely reaches of the sea are prowled by our 
| submarines . . . scanning the endless surface, 
ng and looking for signs of man. Kollmorgen 


opes, standard with the United States Navy includ- 


submarines of the atomic fleet, are highly sophisticated 


] ‘ 7 


0-optical systems delivering dependably clear view- 


ing, photography ond navigational data under the most 


1if 


re condaiuuons. 


Vel 


talents and facilities which produce these periscopes 


ontinuously developing many other products in- 


19, No. 2 - February, 1961 


K 


volving optics, mechanics and electronics. For instance, 
Kollmorgen hot cell and underwater periscopes permit 
remote viewing and photographing of radioactive ma- 
terial in nuclear installations. Continuous-strip cameras 
can now photograph the length of a moving track, 
entirely enclosed except for access as small as lq”. 

When you are seeking creative solutions to problems 
in areas such as remote viewing, testing, inspection, 
alignment ... look to a proven source. A new brochure 
discusses Kollmorgen’s facilities and fields of interest. 

Address Dept. 2-2 


KOLLMORGEN 
CORPORATION 
NORTHAMPTON, MASSACHUSETTS 
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NEW YORK, 


POUNDS OF ASARCO CAST AND ROLLED LEAD HAVE 
BEEN USED FOR RADIATION SHIELDING IN PER- 
MANENT AND MOBILE NUCLEAR REACTORS SINCE THE 


Feb.1 —— MORE THAN 25 MILLION 


BEGINNING OF THE ATOMIC POWER ERA. 


Asarc lS the Ww 


; 
o! lead and Knows m 


1er company. New 


Launching an 


techniques that 
such uniform high 

ys cannot find 
netrate. As a result, 
tor of lead in the 
radiological, 
‘onstruction 

Many of the mobile 
ire shielded by 

g lead bricks, 

ite and castings are 
rs, isotope pack- 

ye, shipping and 


rld's largest refiner 
re about it than any 


applications are being 


atomic powered sub- 


marine with Asarco radiation shield- 


ing aboard. Inset shows method of 


anchoring the 


sub’s lead shielding 


plates with Asarco lead wool. 


sought constantly through fundamental 
and applied research. Asarco high purity 
lead, 99.999 % pure, is one result of such 
research. 


In addition to ores and concentrates 
from its own mines, Asarco also smelts and 
refines lead ores and concentrates pro- 
duced by independent mines. Asarco also 
is a major reclaimer of scrap metal. All of 
these sources assure steady availability of 
quality lead in quantity under all market 
conditions. 






For more detailed information about 
lead in all its forms and uses, write Amer- 
ican Smelting and Refining Company, 


120 Broadway, New York 5, N. Y. 





Ameriwan Smelting and Refining Company 
120 Broadway, New York 5, N. Y. 
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New FD Series Flow Counter 
with the ultra-thin Mono/ 
mol Window features plug- 
in assembly. 


The SC-101 Manual Flow 


Counter with ultra-thin 
Mono/mol Window Detector. 


Fifty sample capacity ... any size up to two inch... 
any type of detector (Scintillation, Flow Counters, GM 
Tube) ... simple one-knob operation... these exclusive 
advantages plus low initial cost and low operating costs... are 
all yours in the outstanding new Tracerlab MULTI/MATIC 
Sample Counting System. 

Only from Tracerlab — the world’s largest and first manu- 
facturer of Sample Changers could you expect — and get 
such a revolutionary new system. 


The New SC-100 MULTI/MATIC Sample 
Changer provides positive, accurate positioning of samples. 
Samples are readily accessible because they are loaded and 
driven on a horizontal plane (in contrast to tower or stack 
types). Automatic recycling of a single sample, automatic by- 
pass of empty sample positions, automatic recycling to the 
starting position plus the ability to operate with all types of 
detectors are other features of this most versatile new 
Tracerlab development. 


The New Tracerlab FD-1 and FD-2 Flow Counters 
feature the ultra-thin Tracerlab Mono/mol window (less 
than 125ug/cm?). These low cost units, available in 1” or 2” 
window diameters plug in to a common shield and feature 
low background... excellent plateau characteristics . . . 
very low gas consumption and will operate with a wide 
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multi/matic Sample Changer 
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variety of counting gases including helium-isobutane, argon- 


methane, methane or natural gas 


The New Tracerlab SH-1 Shield operates with either 
SC-101 Manual Changer 
and 2” FD Series Flow 

P-20D Scintillation 

Convenient handles 
shield 
thickness of’ 2 inches of lead ‘provides low reproducible 
backgrounds 
The Tracerlab MULTI/MATIC Sample Counting 
System when combined with other com- 
ponents . . . scalers, time and count printers, or time, count 
and CPM printers. . 
mation than any other system 

For complete specifications on the new low cost, economi- 
cal-to-operate Tracerlab MULTI/MATIC Sample Changer 
write for Bulletin M. 


Tracerlab ez 


1601 Trapelo Road, Waltham 54, Massachusetts 
2030 Wright Avenue, Richmond 3, California 
February, 1961 - NUCLEONICS 


the automatic changer or the 
pictured. It accommodates both the 1” 
Counters, windowless flow counters, 
Detectors or standard GM detectors 


make it easy to insert or remove from any changer, 


Tracer/ matic 


provides more specific sample infor- 































































a 
new shape 
for power... 


@ Fuel for the Liquid Fluidized 
Bed Reactor, under development 
at Martin for the AEC, 

is in the form of loose pellets 

of low-enriched uranium dioxide. 
Experiments now under way, 
including critical tests, 

may prove LFBR holds some of the 
answers to the problem of 
lowering costs in nuclear power 
production. A fresh, solid idea 

. . » being developed by 
imaginative, but down-to-earth 
engineers. 


Nuclear powerplants, isotopic 
power, advanced reactor systems, 
propulsion systems, nuclear 
components . . . In these and other 
fields, the FUTURE is TODAY 

at Martin-Nuclear! 


... And in our rapidly expanding 
programs we have significant 
opportunities for ENGINEERS and 
SPECIALISTS at various levels 

of experience for work involving 
design, analysis, development 

and experimentation in advanced 
nuclear applications. 





You will enjoy the way of work 
at Martin-Nuclear, where 

the exceptional engineer is 
assured exceptional advancement. 
You will enjoy the way of life 

in Maryland, the beautiful land 
of cultural advantages, 

outdoor sports, the Colts, 

the Orioles, fabulous seafood 


and ideal family living. 


WRITE 
giving brief outline of your 
oe education and experience to 
MR. J. W. PERRY 


Director of Executive Staffing, 
Dept. 50-A 
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for low-level dc measurements 


Keithley Micro-microammeters 


for nuclear instrumentation . 





NEW MODEL 415 research micro-microammeter has a response 
time of less than 600 milliseconds to 90° of final value at 
10-12 ampere where external circuit capacity is 50 puf. It is 
ideal for current measurements in ion chambers, ionization 
gages. Useful with flame and Beta-ray ionization detectors; 
in gas chromatography, mass spectrometry. $750.00* 
The 415 provides zero suppression up to 100 full scales, 


current detection of approximately | x 10-!4 ampere, zero 


stability of better than 2° per day. MODEL 410 Recommended for research and control applica- 


tions where source voltages exceed 300 millivolts. Twenty ranges 
cover ten decades from 10-* to 10-!* ampere $490.00* 
MODEL 411 Recommended where exceptional zero stability 
is required and source voltage exceeds 10 volts. Seventeen 
6 ranges cover eight decades from 10-° to 10-!! ampere. $535.00* 
MODEL 414 Lowest cost instrument for monitoring installa- 


tions, reactor control, production tests, experiments within 
its 17 ranges from 107? to 10-!" ampere. $280.00* 





Models 410 and 411 provide high sensitivity, low switching MODELS 410C, 411C AND 414C Contact meters replace panel 


transients, high accuracy, fast response and low noise meters providing economical control or alarm circuitry. 
Drive 5 ma recorders or 50 mv potentiometer types 410C— $625.00* ; 41 1C—$670.00* ; 414C—$415.00* 
MODELS 412 AND 413 Stable log n amplifiers for fluctuating 

sR oe TOG TE . : 
Ke ar a currents from 10-° to 10-!’ ampere. Uses include reactor 
: fg» pee ati ate! 429 4 = monitoring, aerial surveying, film exposure studies. $485.00* 


"End Frames (pair for bench use) $15.00 


* 


MODEL 420A LOG N PERIOD AMPLIFIER A combined log n 
amplifier and period circuit for the most exacting reactor 
monitoring. This dual instrument measures current over a 





seven decade range, from 10-® to 10-!* ampere, and reactor 





7 period from minus 30 to plus three seconds. Outstanding 
i Pe features are rapid warmup, 5-second recovery from overloads, 
The log n circuit of the 420A has only three adjustments and ap : 


the period circuit one adjustment. Period and current out- unsurpassed stability, 10-' ampere sensitivity, adjustable 






































puts unaffected by normal ambient changes damping. Contact meter models on special order $950.00 
MODEL | RANGE ACCURACY ZERO DRIFT OUTPUT 
410/410ct | 10x 10-4,3 x 10-4, 10 x 10-8, 2% f.s.on 10x10 4to 10x 10°° | After warmup, below 2°% f.s 5 v f.s. up to 5 ma. Output 
etc. to 3 x 10°! amp fs. ranges: within 4°, on others per 24 hours all ranges noise below 1°, of f.s 
| 
411/41ict 10x 10-4, 3x 10-4, 10x 10°°, 2% f.s.on 10x 10°4to 10x 10-8 | Below2°%, perweekfromcold 10vf.s. upto 5 ma. Output 
etc. to 10 x 10-!2 amp f.s ranges; within 4°% on others Start, input 10 v or more noise below 1% of f.s 
412/413 tt Single 10-7 to 10-!3 amp, Within 0.2 decade, with source | Below0.0Sdecadein24hours Zero at 10-'3 amp to —6v 
| source voltage over | v. voltage over | v with source voltage over | v at 10 ‘ amp; up to 5 ma. 
414/414Ct 17 ranges from 10-2 to Within 3% f.s. 10 ma to 10 mya; | 2% per day with source volt- | 5 v f.s. up to | ma. Output 
| 10-!° amp f.s. 4% f.s. 3 mya to 0.1 mua age over | \ noise below 1 °% of f.s 
415 10-12, 3 x 10-12, 10-1! *2% f.s. 10-3 thru 10-8 ranges; After warmup, below 2°% f.s | v f.s. up to 5 ma. Noise 
3 x 10-!!, to 10-3 amp f.s. 3% f.s. 3 x 10-9 thru 10-!2, per 24 hours all ranges below 20 mv rms. 
Bi see: i = Ps ve ¢ = 
420A Single, 10-6 to 10-!3 amp, | Within 0.2 decade After warmup, below 0.05 High level—zero at 10 
*,* i 9 _ 
Log n positive currents only. decade in 24 hours amp, -75 v at 10-6 amp 
y : amy 
AMPLIFIER Recorder—S0 mv f.s 
and | —— ————-— — —$ | ———_——_-—— 
PERIOD’ | Single, -30 to + three 3% at center scale High level zero for 30 . 
METER seconds. sec. period, 10 v for 3 sec. 
Recorder —- 50 mv f.s 
tContact meter models have same specifications as standard units except for addition of a contact meter relay 


T1413 same as 412 except: RANGE, 10-* to 10-'! ampere 


REITH LEY NaS TRUMEN TS. Inc. 


124165 EUCLID AVENUE CLEVELAND GCG, OHIO 
















Installation completed, engineer makes final Photo courtesy of Atomics International, a division of 
adjustment on General Mills Mechanical Arm North American Aviation, Inc., Canoga Park, California. 


At Atomics International these General Mills 
Mechanical Arms help solve remote handling problems 


At Atomics Int ernational—as in most major SIX STANDARD MECHANICAL ARMS — All equipped with electric drives, 

— ; } eins on . variable speeds, finger tip controls and automatic connections for power tools. 

atomic installations in America General MODEL 100—complete, low cost system ready for installation. Full cell 
; q coverage and 200 Ibs. lift. 

Mills Mechanical Arms lift great weights MODEL 150— Provides maximum manipulating versatility in a minimum of 


space. For example, alpha-gamma handling in a sealed dry-box. 


with ease, yet handle fragile materials with 
MODEL 300—General purpose model designed for items from a few ounces 


complete safety. During more than a decade to 750 Ibs. 
‘ . MODEL 500—A medium sized arm that handles loads up to 2000 lbs. with 
of experience in the field, our Nuclear ease and dexterity. 
Raul mt Department has built up : MODEL 550~—Gives great versatility on heavy load applications. Handles 
squipment epartmen as pa 100 ibs. cantilevered 18 ft. and proportionally higher loads as moment is 
wealth of design know-how and engineering reduced. ae . ; 
i . MODEL 700—The strongman of the line, equipped with a special hook 
skill for solving remote handling problems. mechanism for lifting up to 5000 Ibs. loads. 
You ean best profit from thisexperience by | Write for engineering bulletins on all of these Mechanical 


Arms: Nuclear Equipment Department, General Mills, Inc., 


. e1)] Oo ure y} 22ers ear rj sig , 7° ’ . . i . 
consulting our engineers early in the design 479 North Fifth Street, Minneapolis 1, Minnesota. 


stage of your nuclear facility. With our 
planning services and full line of manipulat- 
ing devices, chances are we can adapt one of 
our standard Mechanical Arms to meet your 
particular requirements, thereby saving you 
Mills ) MECHANICAL ARMS 


much custom design and engineering work. 
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Model 49-13 


Model 


Printer 


Model 49-13 


Model 49-14 


SCAMP 
Model 49-4 


Model 49-13 


All These Self-Programming 
Printing Scalers Connected 
CoM Ol M dalili-tg 


(two to a dozen, or more) 





FULLY AUTOMATIC OPERATION — Radiation Laboratory automa- 
tion takes another step forward with RIDL self-programming Print- 
ing Scalers. Sequential data read out to any printer which accepts 
a 1-2-2'-4 four line binary coded decimal input makes possible the 
use of any number of these printing scalers with ONE 
printer. 
The most popular RIDL automatic scaling system is the com- 
bination of the RIDL Model 49-4 SCAMP system with any number 
of Model 49-13 or 49-14 scalers, each connected to a different 
detector. Preset time, preset count, and fully automatic print out 
is thus available. Since these units are self-programming and adjust- 
able for self-identification, they are interlocked — without step- 
ping relays and without special programming units — for 
sequential read out if simultaneous printing times are reached. A 
tape punch may also be used to allow punched tape read out for 
data processing by computer methods. 
The use of RIDL printing scalers increases research potential through providing continuous, completely 
automatic counting operation. RIDL offers the most complete line of scalers ever available. Whatever your 
scaler requirements may be RIDL has a unit fo fill these needs. For further information write today to 
Department WMB. 


Kadiation J oD wel hd y 
Sadialion Instrument eve opment a poratory, ne. 


61 EAST NORTH AVENUE © NORTHLAKE, ILLINOIS 
PHONE: MUrray 1-2323 © Cable Address: RADILAB 
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to get maximum reliability in expansion joints 





Be sure the manufacturer maintains a continuous and compre- 


1 ‘ rugated bellows be hydraulically formed. The 
Whenever bellows are formed by circumferen hensive program of endurance testing. This is basic, because of 
edge, seam or fillet welding they will the many variables that affect expansion joint life. Accurate deter- 
y ect remature failure because of stress concentra mination of expansion joint life expectancy can only be determined 


by cycling to destruction. 





3 D proof t the manufacturer can produce longitudinal 4 Check the ability of the manufacturer to supply a team of 
ed bellows having the same strength, competent design and application specialists to work with your 
ess as the parent metal without engineers. Check their specific experience in handling critical, com- 
nd is a ground weld. Variations in plex applications in your field . . . complete to the record of successes 
of stress concentration opening the or failures behind them, and details of how this experience will be 
brought to bear on your problem. 
At Zallea, none of the many factors affecting expansion ness, strength end physical properties as the parent metal. 
’ left to guesswork including the Zallea has done more cyclic testing to destruction than 


all government agencies and industrial firms combined. 
Zallea has produced more expansion joints than any other 


I 


hese facts. Zailea material specifica- ne 
j . manufacturer . . . Offers more application engineering 
exacting in the industry. Zallea expan- c 


ydraulically formed. Zallea advanced 
hi es insure welds having the same thick- For all the facts, write for Catalog 56. Zallea Brothers, 


Taylor and Locust Streets, Wilmington 99, Delaware. 


expe rience 


for maximum reliability 


ZALLEA BROTHERS, Wilmington 99, Delaware + World's largest manufacturer of expansion joints 
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DATA 
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ANNOUNCING THE NEW NUCLEAR DATA 512 CHANNEL ANALYZER, 


PRICED AT $9,900 
SIXTY DAY DELIVERY 





Model ND 120: Based on the highly successful Nuclear Data Model ND 102 analyzer but with 







512 CHANNELS 







LIVE DISPLAY 









MOUNT TYPE CABINET 





RACK 







HIGHLY ACCESSIBLE CIRCUITRY 


ONE MILLION COUNT CAPACITY PER CHANNEL 





This analyzer uses an excelldnt new analog-to-digital converter, which provides the finest linearity, stability, freedom from count- 
scatter, and most precise live time determination available at any cost. 


Except for minor circuit and specification changes, the design of this analyzer is the same as for the thoroughly proven Model 
ND 102. Analyzer includes all typewriter control and drive circuits. 


One of the problems encountered in offering a fine analyzer, moderately priced, results from the natural tendency of people to 
assume (in the absence of complete evidence) that higher price implies higher quality. We do not believe that an artificially 
high price is the correct long range solution to the problem. We can only point out that this is a considerably improved version 
of the Model ND 102 analyzer, which is probably the most dependable analyzer previously produced. We can point out that the 
analog-to-digital converter has, after comparative tests, been selected for use in compiling a new catalog of gamma spectra, which 
obviously requires the finest linearity, freedom from count scattering, timing precision, and wide range of energy coverage. The 
authors of two previously compiled gamma spectrum catalogs are now owners of Nuclear Data analyzers. 


The new Nuclear Data analyzers utilize the finest quality components, including the rugged, fast, mesa transistor (for all scaler and 
register stages). Imaginative circuit and production engineering, including simplified logical design, has resulted in a new analyzer 
which is dependable, easy to use, exceedingly precise, and yet moderate in price. 

Write for full specifications. 


256 CHANNEL MODEL ND 102 PRICE $9,400 
THIRTY DAY DELIVERY 





NUCLEAR DATA Pa G ss 3833 WEST BELTLINE, MADISON WISCONSIN 
February, 1961 - NUCLEONICS 











44 











New Step Toward 
Economic 
Nuclear Power 


\ broad program aimed at Important reductions in 


the cost of nuclear electric power has been initiated by 
the Empire State Atomic Development Associates, 
Inc. (ESADA). This group of seven New York elec- 
ty companies has selected General Dynamics’ 
High Pemperature Gas-Cooled Reactor (HTGR) for 


research and development S part of their 


| 
tric ulll 


ward the construction of a large 
¥ York Stat competitive 

lants 
General Atomic Division of 
l Carry Out rese ch and de 
ling its HIGR system to a large- 
1) to SOO,000 kilowatts electrical 
roducing the 


red tor 


ESADA program Is 

t of the prototype 

at Peach 

ectric Com- 

it mprising High 

r Development Associates, Inc 
HIGR wi 


) 


ower reactor 
nt outlet tem- 


‘TY Yi) 
Proaguer 


) F.. thus making possible modern 
and high over-all system efficiency 
HITGR’s design Is to important 

COSTS 

nation’s investor-owned utilities 
rin General Dynamics’ programs 
power systems, controlled ther- 
sion of heat to 


idvanced 


monucleat nd direct conve 


electricity 
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If you can find any Romans around, ¢ 
pretty high on the hog in their d: 
serious-minded neighbors from 

rest is ancient history. 

You’d think their fate would have taug 
Yet today we Americans spend 

vear for legalized gambling, while we 
four-and-a-half billion for highs 

it! Over four times as much! We 

half billion dollars a year for t 

lars for alcoholic beverages, and 
non-essentials. 

Can’t we read the handwriting on the 
Our very survival depends on the 

and universities to continue to 

and women. Yet today many of the 

hard put to make ends meet. Facult) 

are so low that qualified teachers ar 

in alarming numbers for better-pa 


in co-o pe rar 
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Chemonuclear Reactors— 


Where Do They Stand?2 


Fission-fragment recoil ionization energy can produce chemicals, 


but economic use in chemonuclear reactors is fraught with problems— 


fuel selection, reactor control, product decontamination and costs 


Nwvcl | finding broad 

i il’ processes 

proving plast sterilizing pharma- 

sti ng foods—with 

g degrees of economic success. 

\ccelerators a1 radioisotopes are the 

wh radiation, but 

intapped reservoir in the 

ru rag nts recoiling from 

fis ut ! esses that involve 

Homotopes only 

ike U ft the bet ind yamma racdi- 

ition given off | lecaying products of 

fs t rgy is never more 

han 69 the total energy given off in 

ry recoiling fission 

Mss 4 process 

igh a nuclear reactor whose 

re tains ul \ Ssloning uranium 

But l nuclear reactors (as 

illed) ensnare 

< that encom- 

strv, effective fuel 

sign, and decon- 

tuminatior f tl processed — fluid 

These four ira ire under attack by 

Ret Pe hnie Institute 

Brook] n National Laboratory, 

\erojet-General Nucleonics, Hercules 
Powder Co. and other groups 

What Is Being Done 

Renss ver Harteck and Dondes in 

156 suggested tl ise of reactor radi- 

ation to extract nitrogen from air (7) 

Phe fixes trogen then could go 

ny | il fertilizer (for 

-ton vr ULS. 

irket and a 12 n-ton, vr world 

et niti I ind similiar ni- 
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Harteck and 


Dondes have extended their studies of 


trogenous compounds. 


fission-fragment chemistry to many 
processes and now have a test loop in 
the Brookhaven reactor 


In 1957 Aerojet started to study nu- 


clear nitrogen-fixation under contract 
to Chicago’s Union Stockvards and 
Transit Co., a large supplier of ferti- 


lizers (2 Aerojet followed this initial 
study with two irradiation tests for the 
USAEC in the LPTR at 


fadiation Laboratory. 


Lawre nee 
\erojet now Is 
working to show the practicality of pro- 


ducing hydrazine in a reactor Initial 
capsule tests in an AGN-201 reactor 
appear promising and LPTR capsul 
tests are underway But some 
other investigators, such as Brook- 
haven, believe that the data so far do 


not justify a major development push 


vet (4, 4 They favor further basi 
study of the radiation chemistry of po- 
tential processes, fuel development and 
decontamination in a search for a 
solidly promising approach 


Hercules Powder Co. favors ce 


velop- 
Ing «A chemonuclear reactor to make 
ethvlene glycol (antifreeze) from 


methanol (6 The firm’s optimism is 


rooted in’ reactor-irradiation experi- 


ments it sponsored at Argonne and 


Battelle Memorial Institut 
British and Belgian researchers at 
Harwell and the University of Liege 
respectively, are studying poten- 
tial vields and problems of various 


chemonuclear processes Brookhaven 


which has been using alpha and gamma 


radiation sources for its basic studies 


recommends the construction of 


a ver- 


satile test loop so as to add fission frag- 
ments to the “tool supply” for investi- 
gating process kinetics. 

The ability to produce nitric acid 
and hydrazine, which are rocket pro- 
pellants, calls to mind the fact that 
chemonuclear reactors might find 
unique duties in space travel. 


Reactor Design Considerations 


The chemonuclear 
reactor is faced with a host of new prob- 
lems 


designer of a 


not only must he ensure criti- 
cality, structural integrity and shield- 
ing as in a power reactor, but he must 
make his fuel fine enough for fission 
and must deal 
with the resultant high radioactivity 
in the process loop. 

Fuel type. Chemonuclear-fuel con- 
figurations that 


fragments to escape 


advanced 
include: very thin ribbons of metallic 
uranium, U,;Os, particles coated onto 


have been 


plates, glass-fiber elements containing 
U,Os (as studied by Rensselaer, Owens 
Corning, and Brookhaven), a “ micro- 
porous” fuel (such as R. Coekelbergs is 
studying in Belgium), or U,Os “dust” 
particles that circulate through the sys- 
tem (favored by Aerojet and Hercules). 

Reactor stability. the 
process stream passes through the reac- 


Because 


tor core and the fuel might move within 
(or even through) the core, there is 
concern about the reactor’s power sta- 
bility. Aerojet and Hercules analyses 
have touched on this problem briefly, 
but 
the need for further study and experi- 
ments 


Brookhaven calculations indicate 


as process and reactor design 


trends crystallize (4). Continued) 
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Product decontamination. Since 
the process fluid is irradiated by neu- 
trons and loaded with fission products, 
it will be radioactive when it emerges 
from the reactor. These radioactive 
impurities must be removed. Aerojet 
says a decontamination factor of 10° 
is needed for nitrogen fixation 
that factors as high as 10'* can by 
achieved. 

Economics—-the key point. 
is mixed on the likelihood that chemical 


and 


Opinion 


production using reactors will prov 
It’s a function of the 
product produced as well as the still 
While Aero 


economical. 


unknown reactor design. 


Chemonuclear Reactors 


To BRING THE fissionable fuel in a 
chemonuclear reactor close enough to 
the target material that the fission- 
fragment recoil energy can ionize thy 
chemical fluid efficiently, the fuel must 
be finely divided. Two basic fuel con- 
cepts have been considered. 
the uranium (in the form of a 
liquid or gas) is mixed with the 
ant,’”’ which is the chemical feed gas or 
liquid. In the other concept solid par- 
ticles of uranium are imbedded in glass 
filaments or made into ribbons or plates 


In one, 
dust 


“COOl- 


that are held stationary in the flowing 
feed fluid. Calculations indicate that 
several fuel shapes might be effective in 
getting at least 50% of the fission-frag- 
ment recoil into the 
fluid. 


Choice of the best fuel depends on 


energy process 


fuel fabrication and reprocessing costs, 
safety and reactor design. At this 
point it is difficult to tie these down, 
but as we learn more about the physi- 
cal, chemical and engineering charac- 
teristics of specific fuels comparisons 
will crystallize more quantitatively 
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vith Brookhaven that nitro- 
gen fixation might be marginal, Aerojet 
its 


jet agrees 


believes hydrazine studies 


put 
chemonuclear reactors well within the 
economical range 

Brookhaven that 


ar reactors whose sole func- 


studies indicate 
chemonucie 


tion is to produce chemicals stand littl 


chance of being victors in any_ price 
competition with conventional proc- 
esses in the U. S., although the picture 


brightens somewhat if the reactor heat 
generates steam or electricity too On 
the other hand, Aerojet believes a cooler 
is better 


future of chemonuclear 


single-purpose reactor 


Over-all, the 


Thin Unclad Fuel N 


for Chemonuclear Reactors 


To get the recoil energy of fission fragments into a process fluid 


These, together with realistic vield and 


efficien data tor various reactions 
and fuel configurations will point th 
way towards productive chemonucleat 
reactors 

Juased on reactor design, flow dy 
namics and efficient use of the fission 


fragments, the optimum fuel-particl 
liameter or plate thickness is 1-10 
microns and the most interesting reac- 


lO idings 


are 0.1-2 


process fluid 


fuel pounds ol 


tor 


fuel per pound or 


Circulating Fuels 


fuel would circulate with 
fluid within the 
would be little 
to absorb neutrons or fission 


Since the 


the reactant reactor 
core, there structural 
material 
fragments wastefully. Such a reactor 
ould operate continuously, with a por 
tion of the fuel being bled off for inex- 


pensive reprocessing and recycling 
feactors with circulating fuel have a 
negative temperature coefficient of re- 
activity, which 


safety, but if the system ruptures fis- 


makes for inherent 


sion products leak out easily and con- 


reactors in the U. 


S. depends first on 


finding valuable 
that 


alternatives 


uniquely processes 


can compete with conventional 
a competition made more 
difficult for chemonuclear reactors than 
for accelerators because they can’t com- 
pete 
But 


technical 


for low-volume-of-use products. 


even with a favorable product 


problems, especially product 


decontamination, might prove insep- 


arable Still the use 


the 


opportunity to 


! 8 too sig- 


energy ol ssion-recoil 


nificant to ignor Experiments un- 


derway now will at least help refine our 
picture of the problems and potential. 


Bih Lograph { i on page 0 


eeded 


the fissionable material must be in 1—10-micron particles or thin layers. 


Suitable fuel configuration remains a vital and unresolved question 


tuminate the area 
\ critical problem would be the need 
ing fission products from thx 


r remo. 


product materials \erojet experi- 


ments indicate a decontamination fac- 
tor of 10°%—-10 can be for 
{l- 


ssel could be of 


achie ved 
i nitrogen-fixation process Ss 
though the reactor ve 


reasonable size and system components 


fairly conventional, there would be 
problems of erosion, corrosion fluid 
lynamics iking and s¢ paration 

Dust fuel in process gas. With 
0.3-5-micron spher. il particles of 


iranium oxide suspen. din the flowing 


reactant gas, 50-95 pending on 


the fission- 


fragment recoil energy might 


particle nad spacing) o; 


1 Zt i 


produce 


ful reactions Radiation damage 


Ist 


to the fuel dust particles would be un- 


important sut to minimize tuel in- 


entory and erosion and settling prob- 
lems in the piping system, nearly all the 
dust partick s might be separated trom 


the hot process gas before it goes to the 
external heat exchanger 


reflector 


eveclone se pa- 


rators in the region might re 
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move 95% of the fuel dust, then filters 
might remove 99.9% of the remaining 
dust). 
fixation, the 


In atypical reactor for nitrogen 
fuel dust 1.6 10° 
lb/hr of gas would pass through the 


and 
core in 16 passes via 200 tubes (each 
187 ft long): there would be 0.11 gm 
U255 per gm N With the gas at 1,000 
psi, the reactor vessel would be only 
D.O-moder- 
might add to capital 


9 ft in diameter, but large 
ator inventory 


cost of some designs 
rhe figure shows the important rela- 


tionsh p between the fuel particle size 


and energy deposition in the process 
gas. If pressure or temperature 


hanges increase the gas density, the 
optimum shifts toward slightly smaller 
particles -0.5 microns)—an increase 
in gas density raises the energy dissipa- 
tion in the gas but does not appreciably 
optimum fuel loading (9). 


there 


hange the 
Fortunately, seems to be no 


great problem in keeping the dust-fuel 


particle size within the 1-10 micron 
range Although settling time would 
be longer with smaller particles, in a 


reactor with colliding 
Van der Waal 
forces tend to make the particles adhere 
Particles of 10-100 
microns break into smaller pieces when 
But breakup 
particles is negligible 


smoke-Itil ed 
0.3-l-micron particles 
ilter collision 
irculated continuously 


of 1-10-micron 


because they don’t have enough mass 
to cause fracture when they collide. 
Still, further agglomeration and attri- 
tion experiments are net ded 
Liquid fuel solution or slurry. If 
the process fluid is a liquid, as in Aero- 
iet’s hvdrozin sign }) the syst m 
0.05} 
2 
c 
» 0.02} 
E 
E ' 
om V.ViIT 
> 
7) 
& 0.005 
on 
> 
0.002! 
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could be quite efficient in its use of 
energy, but 
have the erosion and corrosion prob- 


fission-fragment would 


lems of homogeneous reactors; as 
liquid-fuel 
this concept could become more attrac- 
tive. If the reactant fluid is a gas, it 
could be bubbled through the liquid 


fuel (as in a counter-current absorption 


reactors are developed, 


column), but it would be very hard to 
get uniform gas dispersion in the liquid 
without extensive dispersion equipment. 

Gaseous fuel in process gas. 
Uranium gas compounds that have 
sufficient vapor pressure under reactor 
UF. 
UF, 


discourages its use as a reactor fuel. 


conditions are halides, such as 
But the chemical reactivity of 


Fixed Fuels 


As in most reactors built today, the 
fixed-fuel 
reactor would be in a fixed array that 


fuel in a chemonuclear 


is stationary in the coolant stream 
passing through the core. Because 
of this, the product would be less con- 
taminated with uranium, but the 


necessarily small fuel dimensions and 
lack of clad make strength difficult to 
achieve. With fragile fixed-fuel arrays 
in the core, pressure drop and pumping 
tend to be high and 
velocity limited, 
which might make it necessary to have 
heat 


vessel, 


power would 


coolant would be 


exchangers within the core 


the 


fuel would depress neutron economy 


Structural materials in 


fission-fragment recoil 
Further, the 
have to be shut down periodically to 


and release of 


energy. reactor would 


change fuel, and intricate 


shapes and 


! 


40 20 0 





Energy Expended in Gas (%) 


OPTIMUM FUEL-PARTICLE size for reactor that uses fission-fragment recoil energy to 


chemically synthesize reactant gas at 20 atm and 600° C. 


As shown, optimum size is 4-10 


microns, which for a UO; loading of 0.003-0.020 gm ‘cm? results in depositing 50-70 % of 
the fission-fragment recoil energy in the reactant-coolant gas 
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frequent reprocessing and_ refabrica- 
tion might make fuel costs high. 
With a multitude of small fuel elements 
in the core, the core would be quite 
large and its pressure vessel difficult 
to fabricate. Worst of all, a gas- 
reactant-cooled fixed-fuel reactor would 
large temperature 
coefficient of reactivity, making reactor 
control difficult—and a leak in the 
system would result in loss of neutron- 


and an increase in 


have a positive 


absorbing-gas 
reactivity (2). 

Glass fibers impregnated with 
U;Os. SiO» fibers impregnated with 
up to 50 wt % U;0gs have been made 
in diameters of 1-25 microns. For a 
chemonuclear reactor, 3-6 lb/ft? re- 
actant gas (having ~0.36 lb U2**/Ib of 
gas) would pass through a porous mat 
of such 1-2-micron-diameter glass U;0s 
fibers; in an Aerojet design (2) the mat 
could constitute the 1-in. cylindrical 
walls of a number of special structural 
fuel elements; about 46-80% of the 
fission-fragment recoil energy would 
be used effectively in the process gas. 
From the reactor, the product-rich 
gas would pass through a filter (which 
would remove entrained glass-U;0; 
fragments) before going to the heat 
exchanger. 

Glass fiber is chemically and ther- 
mally stable 
strength at 
(glasses can be 


and has good tensile 
temperatures 


made with softening 


elevated 


points above 1,000° C); such fuel 
elements would resist corrosion by 
highly oxidizing gas and could be 


manufactured rather easily by a con- 
However, with the 
fibers packed loosely enough to mini- 


ventional process. 


mize loss of fission-fragment recoil 
energy to adjacent fibers, the poor 
compressive strength of the mat would 
lead to its compaction as the coolant 
flows through it. Further, 


damage to thin fibers could be a prob- 


radiation 


lem: when fission fragments recoil 
through the surface of a fiber they ener- 
gize some surface atoms enough to dis- 
engage them—deteriorating the fiber. 
This would keep burnup below 12-18%. 

Plate fuel. 
of U <5-10 micron thick could be 
sandwiched between a rigid open-mesh 
that supports them in an 
ordered array. The plates would be 
1 mm apart (with 1,000-psi 800° F 


air as process fluid) so the fission frag- 


Plates, ribbons, or foils 


screen 


ments from one plate would not recoil 
For added 
strength and integrity, the U could be 
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into a neighboring one. 



























bonded to the screen by fusion or meta Porous bed. The U oxide deposit 
plating so that a break would not ould be supported within a porous be« 
spread. About 45-75% of the recoi of silica or alumina, but because many 


deposited in the process fluid. Or idjacent atoms, less than 25°% of th 
the other hand, if stronger fuelelements _fission-fragment-recoil energy would be 
are made by plating 1l-micron thick | eposited in the process uid 
oxide on metal structure plates, 

the fission fragments are absorbed 

the substrate, so the efficiency of r¢ 

energy deposition in the process flu i tage Vu gees : 
would be only 20-40%. Bonding th b ha \ uw Laboratory & 3 
U to the plates in a corrosion-resistant ‘ 
layer would be a problem. ( 


-_ 
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4 Chemonuclear Reactors 
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By ALLAN K. WIEBE, WILLARD P. CONNER, Hercules Research Cent 
and GLENN W. KINZER, Batic Ve Institute, Columbus, Ol 


IRRADIATION OF METHANOL by fiss 
fragments gives 0.1 Ib of ethylene g 
per kwh with 65% chemical conversio1 CH:OH 4 I .-CH.OH 4 }H 
(plus an additional 10% conversion t 
formaldehyde). These are the results .CH.OH — (CH.OH 

of irradiations in two different tvpes ¢ 

reaction vessels in two nuclear reactors [nt ted material. hvdro 
While these yields are high, they proba tractior ist compete with reco! 
bly can be increased by further researc! nat radicals such as H-. CH 
on the use of diluents (such as water or nd CH This recombination 
H») and chain transfer agents in irradi- ices t t ene glycol vield iy 
ations above 150° C (1). rtunat hvdrogen-extraction rea 
Fission fragments, each having abo 
20-22 unit charges at the instant 


energy from such plates would be fission fragments would recoil into 
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Fission Fragments Initiate 
Ethylene Glycol Synthesis 


















fission, produce short but dense ioniz TABLE 1 
tion tracks. Molecules within tl! 
track are ionized or broken into io 
fragments, which react direct 
combine with electrons to form neutra enip Co 
but extremely reactive fragments that é ( 
then react by typical free-rad 
CH,OH 150 
CH,.OH 950 
Reactions CH,OH 50) 

H.OH + H.O 5) 6 
CH.OH a 50) S 


mechanisms. 


The reaction of methanol to pro 


ethylene glycol apparently u 


primarily the combining of -CH.OH ee 

radicals that arise either when H-> is , eo : es 

ejected from a neutralized parent iot juantit ersion Is based 01 
CH,OH* or when a free radical (H ; ee TAS 
CH;:, CHaz:, ete.) extracts hvdrog 


Irradiation of Methanol Vapor 


by Fission 


CHOH 


Fragments in CP-5 


HOH 


MH 
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energ path ior hvdrogen extraction, 
take 1d ituge ol fn reaction 
tem pe iture that vould favor hvdrogen 


Photocl il studies indicate 
it hydrogen chloride and the chloro- 
tl I v-energy paths by 
whi rog itom might be 
extract rol ! thanol molecule 
Phe ties t tivation energy, 
1 0 7-10 keal mole 
1 } The concentra 
nm rine atoms must be care 
ti t alu 

s { ition rates of high- 
ry rocesses have much 
irg t tu efficients than do 
vtivation-energy 
y wratures should 
the pr bility of hydrogen 
<tracti pe sion while having 
fect n radical combina- 
| 8] ol wectone = at 
n) SU] th 2.537-A_ radia- 
SLTVL pie kinetu 
ratio ol hyvdrogen-extrac 

CH, + CH,COCH 
( | CH.COCH to free-radical re- 
{ tions (2CH > CoH, 
Yat 120° ( t 12:1 at 300° ¢ 
t rat hould similarly 


Argonne Irradiations 


experiments 
the eflects ol 
th water, and 
orice Six 
were irradi- 
12 


t tor at Battelle 


al and 


Irradiation 
() 33 ‘ ol ~(0. l-molk 
150” ¢ to 6.1 


eld of 50°; 


ter wpor at 
Wiis 
tl ergy input of 7.4 
Ol In 


S th t result, it was found 


com- 


undilutec 
py t temperature tk 
glycol vield 
nts b) raising 


t ) idversely affected 


energy input: (¢ 
50 mole 

energy required 
CCl, 
the 


gy energy 


wdiding 1‘ 
nol increased 
fh ( reducin 


1” ) " 
; } ol VIVCO! 


nts ! rmaldehyade 


Only 


were 
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TABLE 2—Battelle Irradiation of Methanol Vapor 


Reactants 


Product yield 


HO 





Er pe Tempera- CH,OH H.O mole CCl Ethylene Formaldehyde 
meer lure (") mole fraction 10~* mole) glycol (%) (%) 
] 1a0 O12 0 wv 42 >.d8 
150 0.12 0.6 0 sé , 6 
3 250 0.30 0 6 1) 13 9.2 
1 250 0.10 04 ) ") 9.2 
i) 250 0.10 0.6 10 iI 8.6 
6 250 0.30 0.4 10 $1 5 
140 / i? vl 6OON 
s 150 0.30 0.6 50 17 10.1 
4 150 0.10 0.4 0 17 22 
10 150 0.10 06 10 66 12.3 
1] 150 0.30 0.4 10 65 y 2 
/ 150 | 0 1? 05 ; 
Conversion was 3.6 | 1, 2, 7 and 12 were control experiments to monitor 
the condition of the reacti d 2 were run in the new reaction vessel, but since 
7 and 12 were run after a seri experiments using CCl, as a reactant we attribute their 
higher ields to traces of chi ies iaining in the vessel (although it 18 possible that 
traces of some organic produc fission product might have been the cause 
found, probably as a_ result slow heated the vessel to 350° C for several 


chemical reaction of this prod 


uct with hours to make the U,Os film insoluble 





other constituents during the several and tightly adherent. For the Battelle 
months the products were in the reac- vessel (Fig. 2), thicker films were 
tion vessels to allow’ the induced made up of several layers laid down 
radioactivity to decay enough to from similar alcoholic uranyl nitrate 
permit handling solutions 
After each reaction vessel had been 

Battelle Irradiations irradiated and removed from the 

The irradiations at Fattel le Table Argonne reactor, W removed the 
© sical iiea Ghak Gans ecient outer container and electrical equip- 
tions of carbon tetrachloride markedls ment and then we stored the vessel 
nsletl -siehin Caaiitec «6. ceili until the induced radioactivity decayed 
iit tes Raita eatin weak te to a safe level (100 mr/hr at the 
Battelle runs with the CH,OH—H.O 
CCl, svstem at 250° C and 150° ( 
where the higher temperature gave TABLE 3—Requirements for Producing 
lower chemical vields. Dilution wit! Ethylene Glycol* 
water showed the expected improve- 
ment, but variations in water content Battelle Argonne 
within the range 40—60 did 


not seem to affect glycol vields, except 


Ethylene glycol vield, 


for the higher-CCI les at 250° ( ” “4 
I ; Hy r- ,; SUMples AL ee 
ne ar deme, , Formaldehyde vield, 
lable 3 shows the genera excellent , 94 
f 11 1 
agreement between the experiments at Ib CH.OH Ib 
Argonne and those at Battelle CH.OH 1.5 1.5 
kwh/lb (CH-OH 10.2t 5.7] 
Experimental Methods 
T he U.O 7 , , * Mach set of data is the mean of the two 
O coat tn s uniformly on the best experiments at each reactor. +t We 
inside surtaces of each reaction vessel found no HCHO; however, products had 
Fig. 1) we introduced 25 ml of an remained in reaction vessel for several 
” z f ; ° months while it cooled enough to handle 
ethanol solution of uranyl nitrate and tDiscrepaney might be caused by our 


evaporated the ethanol solvent 
air stream while the 


Vessel Wiis 


in a horizontal 


position Wi 


estimates of depressed neutron flux at UO 
film and of 


energy escapes from film 


with an 
rotated 


then 


how much fission-fragment 
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srappling ron suriace), Then the vessel was put in each experiment by measuring the 


conctant 
cor Ol 


















1g thermocouple a vacuum-tight container of known radioactivity induced in cobalt wires 
volume, the container was evacuated, on the reaction vessel. An_ initial ty 
—~Nichrome : 
heater and the reaction vessel Was punctured mocKup experime nt showed a tactor 
gloss sleeve so the gases escaped into the known of 1.14 between the thermal-neutron * 
olume Pressure and temperature flux across the uranium-oxide — film 
vere measured to determine the moles ithin the reaction vessel and the flux 
gas Bot liquid and gas samples across the outer surfaces Dose meas- 
were saved for analysis urements based on the radioactivity 
Oss , ' 
_— (748 samples were analyzed by Nuss Induced in these cobalt wires agreed 
01d . 
couple spectroscop ethvlen glycol deter- excellently wit! calculations based on 
mined DY periodate oxidation 5 xenon-135 activity inthe off gases 
formaldehyde by the chromotropi We estimate the contribution of inci- 
Glass cord acid (6) and polarographic (7) methods dental gamma-rays and neutrons to the 
oe IS ind acetaidehvce measured polaro total products at less than > % ol the 
: graphica lable } shows the totu 
excelien of the material balances 
RQ ee . 
paiete sl Since ill the Battelle experiments 
QuUria 
nsulotic used the same reaction § vessel we I he Arg ments, the containe 
wach ] | } | ma edled at the Hercules 
FIG. 1. ARGONNE IRRADIATIONS USED washed = the essel with two I-liter eee Toniaiitaties gakens 
2.9-liter Al cylinder of 1,500-cm? inside sur- aliquots of methanol before eac} sis wa urried out in CP-5. Prod 
face coated with 20%-enriched U;O; 0.1- irradiation so as to remove any residue overy and decontamination were carried 
0.2 micron thick. To minimize evaporation . ' li oat aii aca by Nuclear-Chicago Corporatior 
r ‘ : Iron evious reactants or products a0 
losses, samples were inserted via 12-in. ; , . ; act to H 1// anal yse d 
hypodermic into vessel. Then vessel was that coat the uranium film or a “ Hi es fe ch Cent 
evacuated, welded shut and irradiated in) otherwise affect the next experiment ada / a u arte ee 
° Ro » . ’ ( ed Oo / pililelle emoria 
CP-5 17-34 hr in 1.2 * 10'? n cm’, sec After each irradiation at Battelle ler Hi ship 
we bled off the gaseous products and 
le 4 1/44! then rinsed the vessel. This made it BIBLIOGRAPHY 
impossible to establish material bal W. P. Cont W. E. Davis, Canadian Paten 
. 76.979 - ar Paten 
inces, but they did not seem important <n 5 Seciaie etre 
fter the excellent Argonne balances 770,594, M ich assigned t 
. ‘ iles | ( I 1054 
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FIG. 1. CURRENT-OUTPUT WAVEFORMS FROM A-C OPERATION 
show effects of increasing polarizing potential and changing 


















filling gases from those that readily attach electrons to form nega- 
tive ions (electronegative gases) to those that do not 


A-C lonization Chambers 
Are Simple and Reliable - 


Problems of d-c-polarized chambers—large polarizing voltages, 


insulated leads, large signal impedances, voltage stabilization, 


d-c amplification—disappear with stable, sensitive a-c operation 


By DAVID L. ROBERTS, U’. AK, Atomic Energy Establishment, Winfrith Heath, England 


IONIZATION CHAMBERS polarized by d-e 


voltages have been used for radiation 
measurement almost from the = dis- 
covery of X-ravs. Operation of an 


ionization chamber with alternating 


oltages has been more recent (/, 2). 


\n investigation into a-c operation 
undertaken at Harwell in 195S_ has 
irgely confirmed hopes that a-c tech- 
ique will, for example, simplify the 


ustrumentation of a reactor shutdown 
channel! \ 
been provided by 


new fail-safe feature has 
using a continuous 
self-monitoring arrangement such that 
immediate indication is given of any 
break in the 
oscillator, detector and amplifier. 
These 
without sacrifice of either sensitivity or 
stability 

Our experimental work on this sub- 
neu- 
Two modes 


loop containing the a-c 


advantages have been gained 


ject has been with boron-lined 
tron-measuring chambers. 
of operation are possible: a low-voltage 
mode, in which one takes advantage of 


the linear chamber response for small 
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collecting potentials, and a high- 


voltage mode, in which one achieves 


saturated collection and increased 


ranges of operation. Current wave- 
forms (Fig. 1) depend on the mode of 
operation, the frequency of the polar- 
izing potential and the nature of the 
Many 


possible; ours so. far 


filling gas. applications are 


have been to 


reactor control and shutdown circuits. 
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Pressure, 75 cm Hg 
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0... owe ee 
Collecting Potential (volts dc) 


FIG. 2. D-C RESPONSES for chambers 
used in these experiments at two neutron 
fluxes have linear portions at low voltages, 
saturation at voltages > ~140 volts 


lonization Chamber 


For convenience we have used the 
British standard type RC ‘1 ionization 
chambers in our experiments. These 
consist of two concentric aluminium 
electrodes with a radial spacing of 6 mm 
in a aluminium Each 
electrode is coated on the side facing 
the 180-em* volume with a 
boron deposit, which,“inder thermal- 
neutron bombardment releases alpha 
particles from B'® with total reaction 
energies of 2.8 and 2.3 Mev. 

Electrons and positive ions produced 
by an ionizing particle have different 
mobilities in the applied field. This is 
unimportant in normal d-c operation 
since the field and ion densities redis- 
tribute themselves after a time slightly 
longer than the transit time of the 
slowest ions across the gap. Then 
both types of ions contribute equally 
to the ionization current. With an 
alternating polarizing voltage the field 
densities can redistribute 


sealed case. 


active 


and ion 
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themselves in each half cycle producing 
transients in the output waveform. 
Under some conditions, which I wil 
discuss later, these transients do not 
exist. 


Quiescent Operation 


The response curves in Fig. 2 show 
currents collected from our ionizatior 
chambers as functions of d-c potentials 
applied to them and for two values of 
neutron flux. At large potentials thi 
current is independent of applied 
potential since all ionization is col- 
lected. At smaller potentials som 
ions can recombine before they are 
collected; hence the current is smaller 
If we consider ion collection onl 


very small potentials we can make tw 


assumptions: (a) the applied field is 
too weak to affect recombination rat 
loss of ions is almost entirely by recon 
bination; (b) any distortion of th 
uniform applied field between elec- 
trodes can be ignored. The current 
density (amp/cm®*) extracted from th 


chamber is (3) 


j eS (S) Lk =: (%) 

p* \dt p dt 
le electron charge; & = ionie mobil- 
ity; p=recombination — coefficient 
X = field strength (volts/em); dA 
dt = rate of ionization production (ior 
pairs/em® of gas/sec), which is pro 
portional to neutron flux]. 

Equation | shows that output current 
is directly proportional to field strengt] 
X, and therefore to applied voltage 
We have verified this linearity at th 
low-voltage end of the response curv: 
using both d-e and a-c voltages, and it 
holds for a-c voltages up to 1 volt rms 
An obvious advantage of this linearity 
is that the chamber can form part of a 
linear bridge network and the bridgs 
output can be made independent of 
small variations in supply voltage. 

In testing the current-flux relation 
of Eq. 1, we found the current propor- 
tional to (dN/dt)®*®. This value of 
the exponent is greater than we had 
expected, but it is reasonable to suppos 
that it would in practice be larger than 
the 0.5 of Eq. 1 because ion diffusion 
to the walls has been ignored and be 
cause of other limitations in our as- 
sumptions. We have found a rigorous 
theory with ion-diffusion effects and 
collection of current included is too 
difficult to pursue. But our meas 
urements show that the exponent of 
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IN dt is constant over a range of of the chamber (~50 pyf) and enable 
flux from 10° to 10'' n/em see and — observation of the ionization alon 
voltages up to 1 volt rms Strong-field waveform. In satu- 
The other factors in Kq 1 can be rated a-c collection (Figs. 14 and 1s) 
considered constants for static chamber ipplied voltage is large enough to 
onditions of pressure, temperature and saturate the hamber During the 
ling gas weak-field period at the beginning of 
If now we consider the saturate each half evele very little ion current 
portion of Fig. 2 (applied voltag is extracted fro the ionized gas 
great enough to collect all ions) there Thus ion density builds up toward the 
sno recombination and the saturation equilibrium density given by kg 3 
urrent is given by The extent to which this density 1s 
IN dt 9 hieved is governed by the duration of 
the weak-fhield condition 
is electrode spacing) (3 As the voltage rises the electrons sare 
In addition to a difference in output the first to be significantly influenced 
irrents between strong- and weunk- by the field and surge toward the posi 
d states, there is a large difference tive electrod This movement of 
etween "I lensities In saturation hegative narg iuses the electro! 
the volume ontains only those jons spike of Fig. la, which has a magnitude 
that are in transit to the electrodes mited by either formation of negative 
md henes 1 lensit is verv smal ons or b tion of all avaliable 
In a weak-field condition ions are lost trons from t volume The ab- 
recombination and a= large ton sence of the electron spike in Fig. 1B is 
ensity is given by an equation deserib explained by the presence in the filling 
gan equilibrium between ion densities f gases that readily acquire electrons 
d reco nation to form hea negative lons 1 will 
cuss this Dome in greater deta 
\ iter 
pN*.\ p.\ As tl tage continues t reat 
1 dX iiter tl tion of the ¢ trol 
\ \ \ 3 spike in imulating number o 
dies positive is move with increasing 
velocit t tl put electrode 
Sine-Wave Response ig ee ainineiel ail alain 
As one can anticipate from Eqs. 1 gives rise to the ion peak which reaches 
il 2 the irrent waveltorm trom an ts limit yher suturating voltage is 
i-c-operated chamber depends on fre reached and tft volume has been 
quency al implitude of the applied — stripped of all ions that have accumu 
potentia t depends also on the ated during the weak-field period 
itur ( t ng gas Figure | Finally, as long as the applied voltage 
shows I resentative vaveforms that is greater than the chamber saturation 
we get Vit 1 capacitance balance oltage, a constant current is extracted 
Fig. 3), used to cancel the capacitance giving the saturation plateau 
lonization 
chamber 
Signo Push-pull ee Virtual - ground Transfer -function 
generator amplifier t amplifier analyzer 
r f 1 a f Oscilloscope 
Inf Coaxial teads~ ad 
a Dummy leads . “a 
Vacuum - 
. tube 





J (A_) voltmeter 
Ir eg x" 


Balancing capacitances 





Reference voltage 


FIG. 3. CAPACITANCE BALANCE EVALUATES OUTPUT by comparing both in-phase and 
quadrature (90 deg out-of-phase) components with signal-generator reference 
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Weak-field When a 
small a-e potential is applied so that a 
weak-field 


the whole 


waveform. 


condition is maintained over 
eve le iq l 


sinusoidal response with no changes in 


indicates a 


the amount of recombination. 
still 


heavy 


Since tl 


electrons are much 
more influenced than the 
however, there 


surge it the 


1ONnS, 
must still be an electron 
half 
Ip, like Fig. lp 
elimination of — the 


beginning of each 


vele (Fig. 1 Fig 


shows electron 


spike in electronegative 


gases 


Square-Wave Response 


We noticed that the times at which 
the electron Spike ind the ion peak 
occur are determined more bv the 
sinusoidal form of the polarizing volt- 
age than | transit times of tons To 
erify this suggestion we used a rec- 
tangular polarizing waveform in which 
pulse amplitud pulse duration and 
time interval between pulses were 
, , Koy i time between 
pulses of the order of milliseconds, the 
ras att ts equilibrium ion 
lensit 1 upe ipplication of the 
square se tl \ form of Fig. 4 
results The eleetron spike is too fast 
to be detected (~1 ywsec in duration 
und the ion peak occurs in 15 use’ 
With no t between positive 
ind gat 1F however, there is 
n in ion peak This 
igrees with our theory since the polar- 
ing tage 1 I too quickly to 
permit ! hange im ion concentra- 
tion during th eak-field period 

Vpeak, 20 volts 
Gos, Ho, No, Oo, air 
ip sec sink Pressure, 5 cm Hg 


(—+ ~Soturotion plateou 


SQUARE-WAVE RESPONSE shows 
(here) when pulse separation is 
great enough to permit ion accumulation. 
Peak disappears as separation is reduced 


FIG. 4 


ion peak 


Vrms, 70 volts 
Frequency, 700 cps 
Gos, pure He, He & No 


4, Pressure, IScm Hg 


FIG. 5. HIGH-FREQUENCY OPERATION 
eliminates plateau since formation of ion 
peak takes most of available half-cycle 
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accumulation of 
collected. The 
distortion under this condition would 


hence there is no 


charge to be only 
be from the deceleration and accelera- 
tion of the ions as they reverse their 
Calculation shows that this 
thus 


velocities. 
occurs in millimicroseconds and 


would not be noticeable. 


Frequency Dependence 


If frequency of the sinusoid is in- 
creased from the 70 cps of Fig. 1, the 
field rises and falls more rapidly, but 


ion collection still takes a finite time 


and thus occupies a comparatively 
longer period in’ each half cyele. 
Kventually at 700 eps (Fig. 5) there 


is no saturation plateau since by the 
time the ion peak has been established 
the half eycle is nearly over 

mode of 
effect, 


“resonance, 


This higher-frequency Op- 
another 


call 


Consider an applied chamber voltage 


eration has revealed 


however, which we 


large enough to collect all electrons as 


they are formed (and thus prevent 
their recombination) while the heavy 
positive ions still move relatively 


If this 


condition is coupled with an operating 


slowly towards the electrode 


Irequency ol period less than the mean 


transit time of the heavy ions across 
the gap, very few positive ions will 
actually be collected. Instead, since 


ions are being produced at a constant 
rate and are not being collected at this 
rate, they oscillate in the gap and in- 

their until the 
ion density is limited by diffusion 
This total 


charge results in a greater output cur- 


crense concentration 


increase in movement ol 


rent than is possible in the normal 
saturated mode 
For weak-field, 


conditions 


unitorm-collection 
peak o1 


Trequency 


there is no ion 


plateau, and changes in 
simply alter the relative position of the 
electron spike, the distortion caused 
being less marked at low frequencies. 


\loreover lowe r Treque nepes produce a 


greater ratio of chamber ionization 
current to capacitance current. Since 
Irequencies much less than 50 cps 


cause difficulties in measuring-svstem 


design and since it is necessary to 
avoid pickup from the 50-60-¢ ps line 
Irequency, we compromised on 70 cps 


as our operating Trequency 


Filling Gases 


The character of the electron spike 


depends on the filling gas. If an 


electronegative gas with a large attach- 


ment coefficient is used, free electrons 
attach themselves to form 
heavy negative and the fast 
initial electron collection is eliminated. 
(Only a few are sufficiently 
attaching to show the effect 
air, chlorine, iodine and bromine.) An 
for practical 


readily 


1oOns, 


gases 
oxygen, 


additional requirement 
purposes is that the gas one uses be 
stable under prolonged irradiation. 
Both oxygen and air have been used 
successfully to eliminate an electron 
spike but neither is stable under irradi- 
ation. The deterioration of air was 
demonstrated when the gas in a cham- 
ber, filled to 15 em Hg, degenerated 
from attaching to nonattaching after 
irradiation for 5 days at 10" n/cm?*/sec. 
Subsequent calculations and analysis 
of the gas verified that the oxygen con- 
tent of the air had been reduced so 
much that heavy-negative-ion forma- 
tion was not possible (4). 

Many experiments were carried out 
with hydrogen, helium and _ nitrogen 
from commercial gas cylinders (99°% 
All attempts to display fast 
fruitless. 


pure). 

electron collection were 
When each of these gases was spec- 
troscopically pure, however, an electron 
spike obtained. Thus 
small what 
should be clearly 
make the 


attaching gas. 


was always 
of impurities in 


nonattaching gases 


traces 
mixture behave as an 
The fact that certain 


electronega- 


can 
can behave 
they traces 0 
impurities may be very useful. Wher 
these impurities are finally identified 
can be used to dope an inert 
chamber 


inert gases 


‘ 


tively when contain 


they 
filling gas to produce a 
particularly suitable for a-c operation. 

In our experiments to determine a 
suitable over-all system for a-c opera- 
tion, whenever an attaching gas was 
air, but only for 


required, we used 


short irradiations. 
Pressure, Temperature 


A pressure increase above the 15 ¢m 
Hg of Fig. 1 increases the amount of 


3 

2.3 

S$, 

<§ xygen 

Se 

Eo lt 

2= 

E 

oo) iz zz eS 
& 200 300 400 

Temperature (K) 

FIG. 6. TEMPERATURE EFFECT on recom- 


bination coefficient, shown here for oxygen 
causes some temperature effect on output 
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Question: With pure hydrogen, he- 
lium and nitrogen fillings, why do we 
find the expected electron spike with 
B°-enriched coatings but not with 
natural boron? Answer: The anomaly 
comes from electrical characteristics 
of the coatings. Differences between 
the two types come from the ways in 
which they are applied. 

Boron used on the electrodes was 
obtained as a colloidal suspension, en- 
riched boron in a heavy mineral oil and 
natural boron in white spirit (a volatile 
petroleum product intermediate be- 
tween gasoline and kerosene). The 
only difference in application was that 
the natural-boron coating contained 
twice as much of the suspension and 
hence had twice the thickness of the 
enriched coating. Since these facts do 
not explain the difference in perform- 
ance, we began studying electrical 





Electrical Properties of Boron Coatings Explain Anomalous Behavior 


characteristics with the samples of Fig. 
A, some with an aluminum coating to 
make contact with the boron, some with 
a stainless-steel! base plate. 

By measuring voltages as functions of 
currents (10°'° 10-* amp) in the 
feedback loop of a virtual-ground d-c 
amplifier we derived the equivalent cir- 
cuit of Fig. B. Typical values for 
enriched coatings (measured at 107° 
amp and atmospheric humidity) are as 
follows: E=0, R_ not detectable, 
R, = 0.56 megohm, C = 20uf. For 
natural coatings the corresponding val- 
ues are, E = 40 mv, R = 0.3 megohm, 
R, = 0.6 megohm, C = 9 gf. 

Variation of E with humidity con- 
vinced us that its origin is electrolytic. 
R;, has been shown to be the resistance 
of the boron; R appears to arise in the 
aluminum oxide, and C to be an elec- 
trolytic capacitance 






“ tayer 
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“ Boron layer 
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BORON COATINGS (A) show electrical 
properties that depend on mode of 
application. Equivalent circuit (B) suc- 
cessfully explains anomalies of behavior 
in chambers coated in different ways 








ionization within the active volume of 
the chamber. A smaller fraction of 
the ions produced is collected since the 
recombination is increased; in other 
words the chamber requires a greater 
voltage to saturate it. It is important 
for weak-field operation, therefore, to 
choose high enough pressure that the 
chamber is far from saturated by the 
required applied voltage. 
Temperature-induced variations in 
output can be expected in weak-field 
operation for two reasons: the recom- 
bination coefficient changes as in- 
dicated, for example, in Fig. 6, for 
oxygen, and impedance of the semi- 
conductor boron coatings changes with 
results that I will discuss presently; 
this latter effect can, however, be 
eliminated. Our experiments show 
that in weak-field operation output 
drops ~10% as the temperature is 
raised over a range of 75° C although 
the shape of the output waveform does 
not alter. In the saturated mode there 
is no change in output, however, since 
there is no recombination in this mode 
and the applied voltage is too great to be 
affected by any changes in the coatings. 
As you will see from the box on 
this page, we found an unexplained 
variation of response between cham- 
bers that had enriched-boron coatings 
and those that had natural boron. 
The effect turned out to be an artifact 
associated with the mode of applica- 
tion of the coatings and their resulting 
electrical properties. Differences be- 
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tween the equivalent-circuit values of 
the two types of coating are more than 
large enough to account for the anoma- 
lous behavior we observe. For a flux 
of 10 m/cm?/sec, for example, the 
electron spike has an amplitude of 10 
amp, causing a potential drop of 0.9 
volts in the resistance of a natural 
coating, 0.9 megohms. This potential 
is to be compared with the applied 
voltage of 1.2 volts at the time of th 
electron spike, 0.4 msec after the start 
of the cycle. 

Capacitance in the electrodes ex- 
plains another effect. 
of a d-c potential to a chamber there 


On application 


is a transient of 30-sec time constant 
in which the current immediately rises 
to a peak and decays exponentially to a 
constant lower level. Also imme- 
diately after the transfer from d-c to 
a-c operation there is a d-c bias on the 
output that decays in a time com- 
parable with the 30-sec transient. Thi 
explanation lies simply in the charging 
and discharging of the capacitance 
in the coatings 

As a final check to prove the exist- 
ence of coating effects, an aluminum 
film was evaporated over a set of 
electrodes ensuring a good short circuit 
to the respective electrode. This ar- 
rangement removed all the anomalies 


Applications 


We see that two distinct modes of a-c 
operation are possible: the weak-field 
mode and the saturated mode; in 


either, the electron spike can be elim- 
inated by using a suitable filling gas as 
indicated in Fig. 1 

The output from the weak-field 
linear mode is a sine wave in phase with 
the polarizing voltage and of magnitude 
proportional! to °°. In addition 
there is a quadrature current, 90 deg 
out of phase with the polarizing volt 
age, derived from the capacitance ol 
the hamber This linear mode pro 
vides a useful output signal that ts 
easily handled by reliable and standard 
a-c electronics and further permits one 
to use a linear bridge network. Sucl 
use implies that the ionization current 
can be balanced at the input to th 
amplifier—a fail-safe aspect—and an 
additional safety feature can be pro- 
vided by the capacitance current 
which can be continually monitored by 
using a phase-sensitive network. The 
principle application of this is in a 
reactor shutdown channel, which | 
shall presently describe 

Alternatively, the saturated mode of 
operation develops an essentially 
square-wave output in phase with the 
sinusoidal polarizing voltage, and di- 
rectly proportional to @ in magnitude 
This mode retains the fail-safe aspects 
of the weak-field mode and in addition 
it offers a measurement of a wider 
flux range since no upper limit is 
mposed on the operating voltage 
required to cover many decades of flux 
The principle applications of this 


method of operation are, once again 
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in shutdown-channel use and also in a 
automatic 
for 
automatic reactor control comes from 


fail-safe, self-monitoring, 


control system. Its application 
the a-c signal; one can easily detect the 


in-phase sinusoidal component and 


use it directly as a control signal. 


Reactor Shutdown Channel 


Figure 7 shows the essential features 
weak-field-operated 
The in-phase ionization cur- 


is backed off by the current Zz: 


ol a shutdown 
channel 
rent / 
produced push-pull supply 
The 


out ol phase 


from. the 
variable resistance two 
and /, will be 
is a measure of the 


n /. and the preset /,, 


In tact 


ind a 
urrents / 
ind the 
difference 


which will 


net current 
betwee 
represent a reactor 
shutdown power. In addition, there 
will be 


magnituck 


current 7, of a 
the polar- 
and the cham- 


1 quadrature 
determined by 
~1 volt 

and this current can 


izing voltage 
Der capacitance 


be adjusted py introducing some 


capacitance into the balancing arm of 


the bridge circuit 


The net complex 
the 
virtual-ground 


eurrent is connected to low- 


impedance input of a 


implifier, this arrangement helping to 


reduce any noise in the long chamber 
eads. The amplified signal can now 
hy ised to operate phase-sensitive 
elavs and a power-deviation meter. 
The in-phase sensitive relay is set 
to remain energized as long as J, > /.. 
If, however, the reactor power in- 
reases so as to make J, > J, then the 
resultant phase will change and de- 
energize the relay to cause a reactor 
hutdown. Similarly if J, itself fails 
for anv reason the relay will de-ener- 
rize. In addition the quadrature- 
phase rela energized by the quadra- 
tur irrent and any failure of this 
urrent due to an oscillator, amplifier 
or chamber failure, will de-energize 
the relay and initiate a warning 
When the mization chamber is 
yperating in the linear mode the current 
< proportional to @ To simplify 
the reactor control one must either 
meh othe resistance R to a 0.6- 
er iw or, more conveniently, 
inbrate its scale to this law. To 
nable the meter to display accurate 
eadings for all preset power levels one 


must change its sensitivitv in corre- 


spondence with the preset resistance. 
This can easily be arranged by, savy, 
oupling a variable resistance of the 
meter circuit to the preset resistance 
ontrol 
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Value of A-C Operation 


An ionization chamber operated from 
an a-c source has the advantages of low 
drift The 


signal can be 


relative simplicity. 
such 


analyzed for three properties: 


and 
from operation 
ampli- 
For the 
phase- 
three 


one, 


tude, phase and frequency. 
the 
rely on all 
failure of 
compared with the reference voltage, 
would cause the relays to trip. This 
large of fail- 
An additional safety 
feature is provided by the quadrature 


shutdown use described, 


sensitive relays 


parameters and any 


constitutes a measure 


safe response. 
monitoring current, which is sensitive 
to any break in the loop. The devia- 
tion meter is also sensitive to phase and 
frequency and is thus not liable to 
false readings from spurious signals 
unless these happen to be of the right 
gaining 
these properties the system does not 


frequency and phase. In 


lose the advantage of the d-c system 
of being independent of small varia- 
Clear 
ly such variations will affect each arm 


tions in the polarizing voltage. 


of the bridge in the same manner. 
The reactor 
scribed uses small polarizing voltages 


shutdown system de- 


and derives small signal currents. 
These lend 
generation, amplification and display 


Thus it is 


themselves readily to 


by transistor circuits. 
possible to manufacture a small, com- 
pact set of equipment requiring only a 


small battery capability, the use of 
batteries giving what is virtually a 
guaranteed supply. This compares 


favorably with the bulky mains- and 
battery-operated d-c system both in 


elegance and in the amount of control- 


chamber when used in the low-voltage 
mode is less than ‘49 of that of satu- 
rated operation, although this is 
somewhat compensated for by using 
a-c techniques with their resultant 
reliability and stability. It is worth 
pointing out that the low-voltage mode 
is not the only method of putting a-c 
operation to work. It is possible to 
use saturated a-c operation and, say, 
sample the plateau height on each half 
cycle, or even to use squarewave 
polarization and either measure the 
rms value or again sample the plateau 
height. Both these methods increase 
detection sensitivity and yet retain 
some advantages of a-c operation. 
Our experiments in this investigation 
have been carried out in fluxes between 
10? and 10" n/em?/sec, however, and 
in all cases a useful output has been 
obtained with polarizing voltages be- 
tween 0.1 and 1 volt. 

Finally there is no reason to suppose 
that an a-c system would be any more 
expensive than a d-c one. They both 
use the same types of component and, 
in fact, a transistor a-c system has the 
advantage of consuming very little 
power in operation. 


* * * 


The author willingly thanks R. J. Cox and 
D. Harrison for their instigation of this 
investigation and for their continuous help 
in his many discussions with them. Ac- 
knowledgement is also due to R. P. Henderson 
for his valuable assistance in preparing and 
conducting a large number of experiments 
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1 OIL-WELL OPERATIONS use 1 
strument truck near well and derrick 
truck farther away. Most logging opera 
tions are performed by service com 
panies and are available on short notice 
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Tracers in Oil Wells: 


A Review of Recent Advances 


It's a long way down to oil reservoirs, but data from radionuclides 


in underground fluids give engineers detailed pictures of 


how their reservoirs look and how their operations are proceeding 


By RICHARD L. CALDWELL, 


wherever oil is produced. 
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tool 


surface 
hole or 


TRACE 


signal fron 


OCOnY 


RS ARE 


1 operator 


Vohil Oil Co. 


ADDED either at 
at bottom of well through drill 
at some other chosen level from 
especially designed container in logging 


Dynamite cap releases tracer on 


3 INJECTION WELL stimulates oil 
production when water moves from it to 
producing 
Tracers in injection 
direction of water flow 


well, pushing oil before it 


well show rate and 
nature of beds 


and rock fractures 
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IN OIL FIELDS throughout the world 


radionuclides are helping engineers in- 


1 


crease oil production (7, 2). Engineers 


use tracers mainly to follow under- 


ground fluids, both liquid and gaseous. 


Sometimes the purpose is just to find 


tut where certain fluids are, for exam- 
ple, in well logging, waterflooding, de- 
terminations of oil-water contacts and 
vas—liquid-propane injections. Some- 
times one is concerned rather with the 
nature of underground formations, as 
n following the progress of fluids used 


for fracturing and acidizing and in de- 


termining auses of circulation loss, 


Another use tracers is to mark an 


inderground position: the location of 
ement in a well or a@ gas-water inter- 
face in an underground salt dome 


Logging Operations 
When radionu 


ging operations (Fig 


ides are used in log- 


the procedure 
ckground measurement 
before the 


its any radioactive 


imma activity 
material 
\fter application of 

r directly into the well 
tion into a neigh- 
runs a second gamma- 
es between the two 
in the well at which 
reciable movement of the tagged 
out of the formations has 
into two 
The 


oil- and 


tracers fal 
i! ana insoluble 
ide not only 
it t }) substances, but also 


isCous ounds for tagging gases 


insoluble ones are 

either totally in- 
fluids or only par- 
mmetimes tracers are 
idded to the fluid (water, acid, oil, ete. 
the other hand some- 
times tl ire released trom a special 


tool far 


Figure 2 shows a 


holder ult in the logging 
tup and the design of a 
eter ering 


th a ler for bottom-hole 


tool equipped 
release 
which re- 
the 
is measured in the 


Is tracers, 

easurements 
‘ on the end of an 
tr candle The gamma-ray de- 
G-M 


An advantage of 


tor either a eounter or a 
ntillation ervsta 
ounter is that it will operate 
mperatures 

The sizes of tools for inserting the 


ind measuring its activity de- 
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The 


most frequent uses of radiotracers are 


pend on the nature of the well 


in producing wells, which are generally 
lined with two concentric steel pipes. 
The larger-diameter casing, which is 
cemented to the rock formation, is per- 
forated at selected intervals to produce 
oil; the smaller-diameter tubing brings 
the oil to the surface. For 
ments in a producing well the logging 


mensure- 


tool may have to be as small as 17¢ in. in 
diameter to pass through the tubing 


(5, 6). If the well is under pressure, 
the tool is lowered through a lubricator, 


a device attached to the tubing top to 


prevent a blowout of the well. Many 
wells are not under pressure and the 
tubing is removed before logging; then 


the logging-tool diameter is commonly 


35, In, 
Waterflooding 


When a petroleum reservoir is first 
tapped, producing wells flow because 
f the natural pressure that exists in 
the 
tion after this pressure is gone 


reservoir. To stimulate produc- 
water 
under pressure is put into one or more 
increase oil (and 


injection wells to 


water) flow at producing wells (Fig. 3). 
Injected water passes between wells 


rock 


formations and both natural and man- 


through natural interstices in 


made fractures, By adding gamma- 
emitting nuclides at selected times to 
can derive 


the input water (7, 8) on 


several ty pes of information 


Water input profiles that show the 
vertical distribution of injected water 
Water-production profiles in produc- 
ing wells that show vertical distribution 


ot produced water 


fates of travel of water between 
wells 
The flood pattern or horizontal 


distribution of injected water between 
wells under varying conditions of water 
input (varying locations of input wells 


and input pressures) 


A water-input profile shows the verti- 
cal permeability distribution and hence 


whether injected water is entering 
the permeable formation of interest. 
Leaks in the iron casing and through 
the seat at the bottom of th 


show as radioactivity peaks on the log. 


casing 


If leaks exist, it may be necessary to 
repair them before continuing with 
the water-input profile. With the 
profile information in hand one takes 


remedial steps to redistribute injection 


water so as to increase production 


efficiency. One can determine an 
input with 
soluble tracer or a particulate tracer 
that filters out of the water on the 
formation face. A typical profile made 
with particulates (Fig. 4) agrees with 
permeability measured on cores from 


the well (8). 


profile either a water- 


Analysis. Before starting a_ test, 
one would like to know what tracer 
concentration to and when to 
expect the tracer at the producing well. 
But detailed predictions of field tracer 
results rarely appear in print because 
of the complexity of tracer losses in an 
The usual ap- 
proach in practice is to use idealized 
solutions and modify them to include 
any additional information available." 

For this purpose there are graphical 
solutions of the basic fluid-flow equa- 
tions for homogeneous reservoir condi- 


use 


underground reservoir. 


tions and a “five-spot”’ well pattern 
(a producing well in the center of a 
square with injection wells at the cor- 
ners) (9). The solutions can be ex- 
tended for use with any flooding pat- 


tern for which the pressure distribution 


can be determined. The only influ- 
ence considered as contributing to 
tracer loss is water dilution in the 


Other losses that actually 
occur include adsorption, ion exchange, 


reservoir. 


hydrolysis, precipitation, diffusion and 


replacing of connate water (water 
present in the formation before the 
operation began) (4). Even with 


their shortcomings the idealized results 
are useful in estimating arrival time of 
injected water at the production well, 
the and 


selecting radiotracer 


proper 
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FIG. 4. PERMEABILITY PROFILE indicated 
by radiotracer (left) agrees well with core- 
sample measurements (right) 
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making a water 


qualitatively interpreting relative ar In on 
rival times at different wells. 


Typical radiotracers used in practice _radiotrace1 


system ol 


injection profile a few millicuries of 


is used in one of two streams 





are given in the table on this pag pumped into the input well (Fig. 5 
Radiotracers Used in Producing-Well Operations 
Operation and purpose T race 
Waterflooding 
to locate permeable, porous zones [131 Ty i-2 me) in soluble solution 
[133 C 2n as insoluble particu- 
ites 
to determine direction and rate of flow of I, Ir 60-100 me); H® (3 curies 
injection water between wells 
to determine orientation of formation Kr l51 lay for 12 weeks 
fractures (by gas injection prior to water 
flooding) 
Cementing 
to locate top of cement I 51 Co®, Ra (0.5-1 me) mixed 
n cement slurry 
to locate thief zones ['3! particulates 
to locate cement and casing leaks Ra (1 me), Zr, Zn*, Cs'34 in water 


Hydraulic fracturing 


to locate zones that have been fractured I 10 impregnated in plastic 


on surface of sand grains 


Lost circulation 


to pinpoint formations stealing large I['* (5 1 in particulates), Ra (60 
quantities of drilling mud me/ton of mud 
Salt-dome storage cavern 
to locate brine-oil interface Co is oil-soluble cobaltous napth« 
iate Sb tagged triphenyl stilbene 
6-20 m 
Acidizing 
to control location of acid and hence | 0.5 me per 1,000 gal of acid); Ir 
restrict treatment to producible forn 10-30 n Zr®® oxalate; metallic Zn 


tions 
Gas and liquid-propane injection 


to follow flow from injection well to pro- | is etl odide); ¢ 20 mc), H3 
ducing wells | curie as methane); Kr** (0.3 curie 
to determine source of leakage from under Kr a) I 


ground storage dome 





Non labeled 
| injection fluid 


! ee + 
L| an - a Pa 


Labeled | Sgpm "10 gpm HH] '15gpm 
injection fluid }}} Meter Meter 1} 
— 0S a. ee HI 
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FIG. 5. BALANCE BETWEEN TWO FLOWS reveals permeability of formations when one 
flow is labeled and interface is followed with logging detector. Rates change while 
their sum is maintained constant 
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One of the streams is fed into a tube 
that extends to the bottom of the well. 
the other stream into the annulus 


The 


the interface between 


between tubing and casing (10). 
engineer locates 


the two fluids with a gamma-ray log- 


ging tool and follows it as flow rates 
ire changed The sum of the two 
rates is kept nstant. For a given 
hange in flow rates, the interface will 


nove a distance that depends on per- 
meability of the formation. If per- 
meability is small, the interface may 

ove a onsiderable distance If 
there is a large fracture (or a casing- 
shoe Cak the interlace may remain 


stationar\ 


Tracers. A tracer commonly used 


ater is S-day [} 
air oxidation If 
1 second set of input 
rofiles after remedial 
tracer that has 


rocedures, one uses a 


gamma-ray energy 


different from the original one Thus 


both | and 74-day Ih injected 26 
hr apart, have been used in a singl 
Waterflooding operation (11 Pulse- 
height distribution and decay curves 
were used to identify each on If one 


is to use this t nnique successiull 


idsorption characteristics of the two 


tracers in the rock formation should be 
nearly the same 

When an insoluble tracer is used 
the density of the particulates is 


itched to the density of the water at 


pressure ol 


the depth and 
the 


injection so 


that particulates will just hover in 


arryving fluid, neither falling to the 
xottom nor rising to the top ol the well 
densit\ itching has been shown 


” essential 


for obtaining quantita- 


tive results (4 Permanent fixation 

the radionuclide in the tracer 
particulate is also necessary Particle 
sizes of 500-3,000 microns have been 
used If the particies are too sI all 
the an penetrate so lar into some 
oose sands as to give an erroneous low 


radiation level Opposite very perme able 
zones | ind Co®® are commonly 
ised 1n insoluble torms 

Tritium. The natural concentration 
of tritium in rain and river water has 
greativ increased in the past several 


hydrogen-bomb tests 


vears because of 


The tritium content of recent water 
has been used as a tracer of input 
ter in flooding operations in Wyo 
ng (12 By tritium analysis of pro- 
ced water one can tell when input 
iter reaches producing wells.  Tri- 
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FIG. 6. TAGGED-WATER COUNTS at 


three production wells revea! flow rates and 
patterns when water goes into input well 

tium has several advantages over other 
nuclides, including littletadsorption on 


the rock surfaces, practically no radia- 


tion hazard (weak beta radiation and 
dilution by large volume of water) and 
i reasonably long half-life 

lagging o injection water with 
1dded tritium has been successfully 
ised in Russia to determine direction 
ind flow rate of water from injection 


vells | l 4 Samples ol water 


taken successively after injection from 
producing wells surrounding injection 
vells were measured tor tritium content 


introducing hydrogen from dissocia- 


tion of the water into a G-M _ counter. 
When it was necessary, electrolvti 
enrichment concentrated tritium by a 


Figure 6 shows the 


imounts of radioactivity measured at 
irious times in waters from three 
vells surrounding an injection well. 


otal tritium activity was 3 curies. 
Tritium-marked water was injected 


into a sandstone stratum in three equal 


portions of ~1 m®* each at 2-hr inter- 
vals fSetween each = two portions 
ibout 20 m?’ of water were injected. 


This procedure gave sufficient con- 


centration of tritium in the produced 


water for analvsis without electrolytic 
enrichment. The tritium concentra- 
tion dropped from 1 me/liter at 


ction to an estimated 10-4 me/liter 


inje 


at the producing wells. Distances 


from injection well to producing wells 
vere (a) 115, (b) 80 and (c) 150 meters. 

The three peaks of increased radio- 
ictivity on the curves can be attributed 
to the three waves of tracer injection 
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inte the stratum or to flow of water 
through the formation along three beds 
of different permeability; it is not possi- 
ble to tell which of these two explana- 
tions is correct. Flow speeds in the 
three directions have marked differ- 
Advantages of this method of 
tagging injection water are that it is 
not necessary to stop production during 
the experiments and the weak beta 
affect 


ences. 


radiation of tritium does not 
radioactive logging in the well. 

Large-scale studies. Perhaps the 
largest water-injection tracer study has 
been in the Sacroe Unit, Kelly-Snyder 
Field, (145). 
operation involving 80 oil 
and 1,243 wells into 


Fifty-nine of these wells were surveyed 


Texas This is a joint 
operators 
a reef reservoir. 
in 30 days with particulate tracers in 
the input water. Tracer accumulated 
where porous zones were taking water. 
Since gamma-ray logs were run before 
adding tracer, increased 


and = after 


radioactivity on the second log indi- 
cated porous zones. This information 
gave the thickness of the zones taking 
water in the various input wells and 
hence the volume of the input zones, 
A typical tracer was 1.5 me of I'*! 
What the 


unitized water flood, 


world’s largest 
the huge 61,440- 
acre Spraberry Driver project in West 
16) 


begin in 


will be 


Texas, has been approved and 
initial water injections may 
the first 1961. Directional 


orientation of fractures in the forma- 


part of 


tion was determined by a radioactive- 
tracer technique so that engineers can 
take advantage of the fracture direc- 
tions in planning waterflood operations 
yf 
gas to give a specific activity of 0.03 


Kr®> was metered into natural 


pe/ft® and injected at the rate of 500 
ft®/day for a total of 12 into 
one injection well. 


weeks 
Produced gas wis 
monitored continuously at 12 produc- 
tion wells. Tracer was first detected 
at a well 1,884 ft from the injection 
site 64 days after tracer injection was 
started and 4,161 ft 
from the injection well 103 days after 
the other 10 


tracer was detected at any time. 


at a second well 


wells no 
The 


line 


injection. At 


generally northeasterly fracture 
thus indicated agrees quite well with 
that 


studies 


Oil-Water Contact 


In both new and old oil wells location 


predicted from core-orientation 


of oil and water-bearing portions of a 
fluid-saturated rock is fundamental to 


Position of 
deter- 


economical oil production. 
an oil-water contact can be 
mined with activated solutions or 
chemical reagents that penetrate dif- 
ferently into oil-bearing and water- 
bearing portions. Naptha soap con- 
taining sodium salts of naphthenic 
acids has been used as a reagent of this 
sort in Russia (18). When the soap 
comes in contact with formation water, 
a metathetic (exchange) reaction 
forms insoluble calcium and magnesium 
napthenates, which seal the pores of 
the water-bearing bed arrest 
penetration of fiuid into that portion 
of the bed. After the well has been 


and 


flooded with tagged solution, oil- 
bearing beds display a sharply increased 
gamma-ray intensity compared to 


water-bearing beds. In one of the 
wells of Fig. 7, gamma radiation in- 
tensity opposite the oil-bearing level is 
ten times as great as that at the lower, 
water-filled level. 


Cementing 


In most new wells temperature logs 
are accurate enough for locating cement 
since cement setting produces heat. 
New cementing materials that do 
not release heat on setting, however, 
make radiotracer surveys particularly 
valuable. 

To locate cement one adds a tracer to 
the mix (19), enough to give an esti- 
mated reading ten times background 
after the cement has been squeezed 
behind the casing. On a gamma-ray 
log the cement top is indicated by a 
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FIG. 7. SOAP TRACER seals water-bear- 


ing beds and penetrates only into oil-bear- 
ing strata. Large counting rate shows oil 
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the radiation intensity 
gamma-ray 
After the cementing has been com- 


pleted, cement tops can be located for 


drop in 


to natural background 


a period of 3-4 half-lives, which can b: 
considerably longer than the interval in 
which temperature logs are practical 
Another accomplishment with cement 
tracing is location of thief zones (ver) 
permeable formations with large loss 
of cement). 
with particulate tracers mixed through 


They can be identified 


the entire cement mix. 

Both water-soluble and particulate 
tracers have been used to locate cement 
tops and channeling (/). Radium has 
long been used for this purpose, but it 
the hole permanently 

Hence today a 
tracer such as I'*! is generally used. 

Leaks. To test 
cement job, one uses a tracer in water 
injected into the formation through 
tubing 
Packers above and below the perforated 
zone restrict injected th 
zone of interest. After tracer has been 
injected, the well is flushed and a 
Radioactivity 
greater than the natural background at 


leaves racdio- 


active. short-lived 


effectiveness of a 


perforations in and casing 


water to 


gamma-ray log is run. 


points above or below the perforated 
zone indicates leaks in the cement or 


casing (20). 


Hydraulic Fracturing 


To increase oil production, fluid can 
be pumped down a well under pressuré 
to split the rock formation containing 
oil. Silica sand grains or other mate- 
the fluid 
into the fractures to hold them oper 
fracturing 
removed, 


rials suspended in move 


after pressure has been 


Fracturing exposes larg 
volumes of oil-bearing rock for drain- 
age along the fractures into the bore- 


hole. This 
rejuvenated tens of thousands of old 


process has successfully 


wells and increased production in 
numerous new wells. 

Various radiotracers locate the zones 
affected by hydraulic fracturing (2/ 
Injected be 


tagged or a separate particulate tracer 


sand can permanent) 


can be added to the sand. One tagging 
method is to convert radioactive iron 
in chemical solution to iron oxide on 
the sand surface. A large quantity of 
tagged sand must be handled, but this 
sand has the advantage of being easy to 
blend uniformly into the bulk of 
fracture sand. Amore commonly used 
tracer is I'*' impregnated into beads 
made of plastic or some porous material 
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as the 
The tag ed beads ar 


ro 


the same me fracturing 


added to 


Shi S1Z¢ 

s und 

the last 
After 


gamma-ray log is run 


few hundred pounds f sand 


fracturing has been comple ted 


If tagged par 


ticles have been deposited near th 


well bore, a radioactive high appears 
on the log to indicate the zones wher 
fluid entered the formations Figure 
8 shows a fracturing operation with a 
radioactive tracer and gives actual 
field logs taken before and _= after 


fracturing 
Circulation Loss 


In drilling a wel mud 


to lubric ate 
cuttings to 


engineers use 
drilling bit and carry 
the Often 


composition of the mud has 


the 
rock surtace 
when the 


been changed b the addition ot 


VISs- 
weighting 


the 


cositv-contro! Or 


ac + 
agents 


ommonly Dbarites), increased 


hydrostatic pressure Causes one or more 


to break down 


readily 


formations in the hol 


and start accepting mud 


such permeal 


Stealing of large quantities of mud by 
| 


ve formations prevents 
adequate circulation to greater depth 
and drilling ceases 


One can find zones of such lost cir- 


culation with a particulate tracer added 


to the drilling fluid either at the surface 


/ mud 


or downhole Radioactive 


will entel the thie! 


zone and produce a 
great concentration ol 
the zone can then 


ited by a 


particulate 


tracer at this depth: 


be accurately Loc gamma-ra 


This pinpointing of formations that 


break down and take mud allows 


economical use of plugging materials 


the troublesome interval rather 
than over the 
le Re 


i variety ol 


entire 


section ot open 


media treatments imnecluce 
clay or dic Sel 


batches of 


time-setting 


bentonite m and 


tures 
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FIG. 8. FRACTURING OPERATION forces 
sand-bearing water into formations to re- 
lease oil. Tracer follows fractures 


walnut 


ement laden wit pearlites, 


hulls or other lost-circulation material 
to plug the thief zones, thereby re- 
the 


greater depths in the hole 


storing circulation of mud to 


Figure 9 shows a log made after 
pumping 55 bbl of radioactive mud into 
a 300-It lost circulation (22) 


8 030 to 


zone ol 


Intense radioactivity at 


8,050 and 8,180 to 8,190 ft, to a 
smalier extent from 8,200 to 8,245 ft 
and a sharp drop in gamma-ray in- 


tensity at 8,245 ft indicate thief zones 


it these cde pths Corrective measures 


onsisted of enting with a special 


slow-set cement containing — pearlite 
and cellophane strips. After treat- 


full restored 


permitting drilling to greater depths 


ment eireuiation Was 


Salt-Dome Interfaces 


Underground caverns in salt domes 


are used to supply salt brine to chemical 


plants and store liquid petroleum gas 


LPG Both density measurements 
and radioactive tracing (23) have 
been used to locate the hydro arbon 
brine interfac An oil-soluble  solu- 
tion of Co®-napthenate and Sb! 
tagged tripher stilbene have been 
used with equal success. Six to 20 
of radioactivity is used, the amount 
depending on estimated cavity dia- 


the o1 and gamma-ray- 
Another tech 
1 beads of such a 


the 


meter at 
aetector SCNSITIVITN 
to use tagge 


float at 


oil-brine 


Acidizing 


In carbonat reservoirs engineers 


sometimes pump huge quantities of 
wid (as much as 30,000 gal of 15% 
hydrochloric acid) into the well to 


stimulate production Injection of 


the acid is usually at a pressure suff 


cient to open and ext nd fractures into 


the rock through which the = acid 
penetrates; pressure may be as great as 
2,000 psi. The acid is pumped into 
the well through a tubing that ends 
near the bottom of the hole The 
annulus between tubing and casing is 


filled with o1 


void Wasting acid on nonpro- 


formations one must control 


wecurately the position of the acid in 
the well Hence radioactive tracers 
follow movement of the acid in the 
borehole and nto tormations ] 

Tracer, soluble in acid but insoluble in 
oil, is released by remote control from 


too Fig, 2) at ~100 ft 


if logging 
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tbove the zone of interest By running 


it log during the acidizing process, one 
an follow continuously the level of the 
acid in the well. The tracer in the 
acid in the tubing gives a rather high 
but steady background reading, but a 
much greater change of re ading occurs 
at the interface of acid and oil in the 
annulus between tubing and casing. 
After completion of acidizing a gamma- 
rav log shows where the tracer (and 
hence the acid) entered the formation. 
If the acid did not enter at proper 
depth, remedial cementing is indicated. 
A typical tracer is | 
0.5 me/ 1,000 gal of acid 


In Russia 


in quantities of 


certain low-porosity 


0.5 2 limestones of zero per- 
meability vield large quantities of gas 


iiter treatment with | lrochloric acid 
under pressure to open up fractures, 


lo see if the acid is 


ntended for treatment the acid is 


entering the bed 


tagged with oxalate of Zr or metallic 
listribute them- 


elves ¥ n the acid and are readily 
idsorbed in the rock right next to the 
valls th thus they give large 
wiing 7 1 gaumma-ra log after 
treat t 
\ prelu ul run is made with 
iwged water t il possible zones 
ition of acid A few cubis 
eter f water marked with activity 
t ti ‘ ( is the acid (O.S—1 
( I ted at a pressure equal 
to th ! ire of acid treatment If 
! 1 t is gone nto a 


iter ring bed, one must shut off 
this bed | menting before beginning 
1 ft tment 1 tl gas-bearing bed 


Gas-Propane Injection 


( entiona thods of producing 
ide oil gen in the depleted 
serve ; for every barrel 
rodau 8 | prove oil recovery 
iterfi ng S g been used (ias 
an als « injected, and recently a 
‘ ethod has me into use: gas- 
el yuld | ane is injected into 
the reservou ) Drv natural gas 
ted behind the propane, drives 
ropal d oil to producing wells 
The itiol f gas entry into a 
rmatior wre letermined by 
ising | in ethyl iodide to obtain an 
t tv profile ( Phe technique 
s very similar to that used in water- 
njyectivity-profile Irveyvs 10) \ 
radiotracer 1! two injection gas 
streams entering the well enables loca- 
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FIG. 9. CIRCULATION LOSS shows up as radioactivity peak after radioactive mud flows 


into well. 


tion of the interface between the two 
streams with a gamma-ray logging tool. 
Distribution of gas injection into the 
well is made by varying the rates of 
the two streams (combined gas input 
remains constant) and following the 
radioactive interface with a logging 
tool. The 
whether gas is entering the formation 


injectivity profile shows 
over the intended injection interval. 
If the profile is not as desired, one can 
perform remedial operations followed 
by a second injectivity-profile survey 

To follow gas from injection well to 
producing well, one adds a small quan- 
tity ol radioactive gas to the pressure 
line of the input well at injection time 
27, 28). Beta radiation of samples 
from output wells is measured in a gas 
counter. In addition to giving travel 
time for injected gas, appearance of 
radioactivity in producing wells is 
useful for determining flow pattern of 
produced gas 

Labels. In the Dalum Field of 
northwest Germany 20 me of C!* in 
Other 


methane was used tracers 


that have been used are Kr*°, tritium 
tagged methane and gaseous tritium 
29, 30 Krypton, being inert, has 
the advantage of not staying in the 
reservoir because of chemical reaction 
or absorption. In three different tests 
in one field 1 curie each of tritium and 
tritium-labeled methane and ~0.33 
curie of Kr*® were injected with nearly 
the same results for elapsed time be- 


rt 


tween injection and appearance 


Information is well correlated with similar findings of electrical logs 


tracer at a production well (29). 


A large-scale application of a short- 


lived tracer, 1.82-hr Ar*', was deter- 


mination of gas leakage from the Hers- 


cher natural-gas 
Illinois (31). 


storage dome in 
A total of 27 tests were 


carried out with more than 40 curies of 


Ar* produced at 
N: 


nearby Argonne 


itional Laboratory. 
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FIG. 1. REACTOR PRESSURE VESSEL is significantly smaller and 
less complicated in PFFBR after elimination of complicated Fermi 
fuel-handling mechanism and internal thermal shielding. New fuel 
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handler (not shown) is simple single-arm device that fits into place 
of control-rod drive plug whenever reactor is shutdown for refueling. 
New refueling cycle is 6 months instead of 2 weeks for Fermi 


From Fermi to PFFBR .. . Capital-Costs 
Reduced for Fast Breeders 


A new fuel material, redesigned auxiliaries and cheaper shielding add up 
to a dramatic 50% reduction in the capital costs for the reactor part 
of a second-generation fast-breeder designed by the builders of Fermi 


By JOHN G. YEVICK and ALFRED AMOROSI, Atomic Power Development Associate ln 


POWER-REACTOR BUILDERS are convinced that present high 
capital costs for these plants will come down to more reason- 
l'- 


able levels as the nuclear industry gains in design and ope 


ating experience. The fast-breeder program provides a 


graphic case study of how these cost reductions will come to 
pass for this particular reactor concept 
The basic designs for the EFFBR (Enrico Fermi Fast 


Breeder Reactor) and EBR-II (Experimental Breeder Reac- 
tor) were fixed early in 1955. About a 
pleted a detailed design for an advanced fast-breeder plant 
the PFFBR (Plutonium Fueled Fast Breeder Reactor 
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year ago we com- 


Detroit Vichigan 
the same power output as Fer vledge and ex 
perience gained in the intervening ears have mad 
possible design changes that reduce the price of the reactor 
part of the PF FBR plant to half that in Fermi and trim the 


total plant cost by 35 


The new knowledge has come in the form of technological 


advances, improved understanding lesign requirements 


and the operation oO} ent and model tests 


The technological! mprovements that have taken place 
include 
® Experimental results on higher-performance and higher- 
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burnup fuel materials such as PuO,-UO, 

* Information on the irradiation stability of stainless steel 
at a flux of 10°? nvt and neutron energy of 100 kev 

* Development of high-temperature shielding materials 
such as borated graphite. serpentine concrete and iron oxide 
* Information on thermal transients and resultant thermal 
stresses that permits us to relax the requirements for thermal 
barriers 

An increased understanding of design from testing and 
from actual operation has come about in these areas: 

* Fabrication, design and installation of the reactor vessel 
Fig. 1), heat exchangers, pumps and other components 

* Shielding, particularly neutron streaming in ducts 

® Fuel handling, decay storage and fuel shipping 

® Maintenance methods and procedures 

® Reactor containment 

® Core design 

*® Reactor-building ventilation and facilities for handling 
sodium, inert gases for waste disposal 

Atomic Power Development Associates has incorporated 
these advances into two studies of its second-generation- 
fast-breeder system—the PFFBR (Fig. 2). The first study 
was for a plant of 300 Mw gross electrical output and the 
second for a plant of 150 Mw(e). 

The 150-Mw(e) study can be compared directly with the 
Enrico Fermi plant [also a 150-Mw(e) installation] and thus 
provides a yardstick with which to measure progress in fast- 
breeder-reactor technology. It can also be compared with 
the average-size conventional steam plant now being in- 
stalled in the U.S. A 

The studies have taken full advantage of the design and 
construction experience of the Enrico Fermi Atomic Power 
Plant, the Argonne National Laboratory EBR-II Plant and 
the British Dounreay plant. 

Table | summarizes the projected Fermi and PFFBR 


osts. The capital charges for Fermi are well substantiated. 
Che Fermi fuel-cycle costs assume an initial core loading of 
U-10-w/o-Mo. The Fermi research and development costs 
Prat REACTOR TURBINE -GENERATOR 
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FIG. 2. FAST BREEDER FLOW DIAGRAM shows basic relation- 
ship of major components for both Fermi and PFFBR reactors. 
Intermediate heat exchanger transfers heat from radioactive 
primary loop to nonradioactive secondary coolant loop 
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represent present estimates. The interest rates used to 
determine the annual charges are the average rates used in 
utility practice. The table shows costs for fuel-inventory 
charges of 10.33% (private ownership) and 4°% (present 
AEC charges). 

The impressive reduction anticipated for fuel-cycle costs 
will come about with the greater breeding ratio and fuel 
burnup possible with plutonium fuel. Proof must be ob- 
tained on a much larger scale, and proof of the operation of 
the complete fuel cycle must be substantiated. Work is 
now going on in this field. The EBR-II plant with its inte- 
grated pyrometallurgical reprocessing plant should demon- 
strate one attractive method of achieving a low fuel cycle 
cost. Oak Ridge National Lab as well as ANL are doing 
work on advanced fuel elements for fast reactors. Although 
some of this work is directed at the Fermi plant, results of it 
are directly applicable to the PFFBR plant and are expected 
to be completed in adequate time to incorporate into this 
plant. Other paths based on improved technology require 
research and development. Conceivably this work could be 
performed in time to provide fuel for the 1965 plant. How- 
ever, if these programs are not carried out in time, fuel ele- 
ments based on existing technology, such as UQ: in stainless 
steel, could be used for the initial loading of the plant. 

In this article, however, our concern is with the savings in 
capital cost. The 35°; drop shown in this cost, while not as 
striking as the expected reduction in fuel cost, still represents 
a substantial step toward competitive power. Table 2 gives 
a more detailed comparison of the capital costs for the Fermi 
plant and the 150-Mw(e) PFFBR. The major cost reduc- 
tions proposed by the study are in the reactor plant itself and 
come about as a result of the improvements in design de- 
tailed below. With these reductions the cost of the reactor 
plant is 30° of the total capital cost. The items “Indirect 
Construction Costs” and “Other Capital Costs,’’ by com- 
parison, now account for 36°; of the total cost. The studies 
made no attempt to seek economies in these latter areas; 


such efforts might vield noteworthy savings. (Continued) 





TABLE 1--Projected Power Costs for Fermi and PFFBR 


Fermi* PFFBRt 
150 150 300 
55.1 36.9 69.3 


Gross output |Mw/(e)] 
Capital cost (10*$ 


Capital cost [$/gross kw(e)] 367 246 231 
Annual charges (mills/kwh) ft 
Capital 7.6 5.9 5.5 
Fuel cycle 6.7 2.1 2.7 
Operation and maintenance 1.6 1.4 0.8 
Total (10.33% inv. charge 15.9 9.4 9.0 
Total (if 4% inv. charge) 14.5 9.0 8.6 


* AEC Report TID-8518 Part III] (figures for U-10 w/o Mo and 
1.5 a/o burnup—adjusted to PFFBR basis). 

+t APDA-136 (March 1960) describes the 150-Mw/(e) design and 
APDA-129 (April 1959) the 300-Mw(e) design. Latter updated 
to time of 150-Mw/(e) study would show decrease in capital cost of 
at least $30 /kw and fuel cost at least equal to the 150-Mw(e) study. 

t Annual charges assume: 13.2% depreciable, 12.33 % nondepre- 
ciable, 10.33% working capital; Pu credit, $12/gm; 70% plant 
factor; 1959 cost base 
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Design Improvements 


Plantlayout. Figure 3 compares plot plans for Fermi and 
the 150-Mw(e) PFFBR. In PFFBR, health physics is com- 
bined with the office building. The sodium-service building 
and the sodium-service tunnel! in Fermi have been eliminated 
by installing the sodium-service equipment in the reactor 
and steam-generator buildings. In PFFBR the steam- 
generator units are now isolated in separate buildings. The 
PFFBR inert-gas systems have been installed in the reactor 
building and steam-generator building. Since all of the fuel 
handling in PFFBR is performed within the reactor building, 
a small maintenance building replaces the building previ- 
ously used both for storage of fuel during cooling and for 
maintenance. 

The ventilation building in Fermi has been eliminated. 
In PFFBR, freon-compressor units provide under-floor 
ventilation for the reactor building as well as above-floor 
cooling. In Fermi the under-floor atmosphere is cooled by 
a nitrogen-to-water heat-exchange system, which requires 
large duct systems between the reactor and ventilation 


buildings. 
Reactor vessel, plug and refueling equipment. The 
reactor vessel for PFFBR (Fig. 1) shows a remarkable reduc- 


tion in size over the Fermi vessel. The new vessel has no 
internal-radiation shielding and houses a thinner blanket. 
The 6-month refueling cycle (see below) permits a fixed plug 
with a central multipurpose handling mechanism to replace 
the rotating plug and cumbersome fuel-handling mechanism 
in Fermi. Consequently, a symmetrical cylindrical reactor 
vessel 8 ft in diam with a 0.5-0.75-in. wall takes the place in 
PFFBR of the 14-ft vessel of Fermi with 1.5—2.0 in. walls. 
Other cost-reducing design changes are the unit fuel-and- 
blanket support structure, elimination of the Fermi hold- 
down in favor of a mechanical lock in the subassembly 
nozzle and reduction from 9 to 4 in the number of vessel 
nozzles. 

The common central penetration in the reactor plug for 
control rods and refueling mechanism and elimination of 
the holddown make possible the fixed plug Forming in 
lieu of machining the plug shell and bulk graphite shielding 
also reduces costs. 

In the new refueling cycle, spent subassemblies are trans- 
ferred from the core to positions in the blanket where they 
are allowed to decay in the reactor for 6 months. At the 
end of this period the spent fuel is simply removed by the 


} 


multipurpose handling mechanism, canned on the spot and 


FIG. 3. PLANT LAYOUT shows reduction in number and sizes of 
buildings made possible by new system for handling spent fuel and 
APDA experience in building and operating other Fermi auxiliary 
equipment. Example: in PFFBR spent fuel is stored in outer blanket 
of core for 6 months’ deccy period instead of in special building 
provided for Fermi plant 


FIG. 4. SHIELD ARRANGEMENT in PFFBR replaces expensive 
stainless steel and borated graphite in Fermi with cheaper iron 
oxide and Serpentine cement as high-temperature shield materials 
and a variety of other specialized lower-temperature materials. 
New arrangement also makes equipment compartment more 
accessible for direct maintenance operations 


FIG. 5. CORE LAYOUT shows larger active core in new design, 
which is price paid for switching to longer burnup oxide fuel. 
However optimization studies allowed thinner blanket, giving same 
over-all core diameter. Spent assemblies would be stored for 
six months’ decay period in spaces marked s 
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shipped directly without further cleaning and_ storage. 
Other cost reductions result from the use of a single-sub- 
The carrying out of these opera- 
tions within the reactor building eliminates any need for 


assembly transfer cask. 


an external subassembly cleaning, decay storage and ship- 
ping building 
Shielding 
The new. shield 
PFFBR allow easier access to the regions surrounding the 


materials and shield arrangement in 


pressure vessel and at the same time yield a savings in 
cost over the Fermi shield (see Fig. 4). The strategy in 
PFFBR has been to place an efficient high-temperature 
biological shield close in around the reactor vessel to reduce 
the radiation flux to tolerance levels in the adjacent equip- 





TABLE 2. Capital Cost* Comparison for Fermi and PFFBR 
Unit costs 
Total costs (1088) (8/gross kw) 

Fermi PFFBRt Fermi PFF BRT 


Direct Construction Costs 


Reactor building 2.265 1.872 
teactor 4.535 1.563 
Fuel-handling facilities 3.455 1.400 
Heat-transport facilities 

primary system £500 2.490 
Heat-transport facilities 

secondary system 2.765 2.025 
Sodium-service facilities 1.300 = 0.330 
Inert-gas facilities 0 680 0.200 
Instrumentation and con- 

trols 1.410 1.025 
Health-physics facilities 0.300 0.180 
Auxiliary power system 0.800 0.645 
Maintenance facilities 1.075 0.485 
Waste-disposal facilities 0.435 0.050 
Total Reactor Plant 23.520 12.265 157 82 
T urboelectri plant 10.500 10.045 70 67 


Common plant facilities 

site improvements and 

general services 1.730 1.250 11 S 
Total direct construction 


costs 35.570 23.560 238 157 
Indirect Construction Costs 
Supe sion and indirect 
construction 6.080 +. 000 41 27 
Engineering and drafting 3.060 1.950 20 13 
Contingent 5.970 4.500 10 30 


Total estimated construc- 
tion costs 50.860 34.010 339 22% 
Other Capital Costs 


Interest during construc- 


tion 3.050 2.040 
Cost of land 0.500 0.375 
Local taxes during con- 
struction 0.685 0.455 
Total other capital costs $.235 2.870 28 19 


TOTAL CAPITAL COST 55.095 36.880 367 246 


* 1959 base 


150 Mw(e) plant 











ment compartment and thus free those areas of neutron 
shielding material. As shown in Fig. 4, the radial part of 
the shield is located beyond the reactor sodium piping to 
prevent neutron streaming. The shielding is arranged in 


layers, the first of which is iron oxide. This layer aets 
both to absorb the energy carried by the gamma rays and 
to reduce the neutron energy. (It absorbs 95% of the 
energy in the gamma rays and neutrons.) The iron oxide 


layer replaces the much more expensive stainless-steel 
thermal shield in Fermi. 

The second layer, a loose pack of Serpentine rock, serves 
as a high-temperature neutron shield Serpentine retains 
its high content of hydrogen up to 800° F This layer 
to a large extent, replaces the borated graphite used in 
Fermi, again at a cost savings. The third layer, ordinary 
concrete, provides the remainder of the neutron and gamma 
attenuation. 

The piping from the reactor runs into the floor below the 
reactor. Hence, neutrons streaming along the piping are 
absorbed in the concrete and ground below the reactor com- 
partment. The length of the sodium piping and the num- 
ber of bends are adjusted to keep the neutron level below 
biological tolerances at the point where the sodium pipes 
enter the equipment compartment 

A blast shield between the reactor and the containment 
building gives protection in the areas where the 7-ft-thick 
concrete wall is absent. This shield, plus the iron oxide 
the serpentine and the concrete-shield walls, form a pro- 
tective barrier between the containment building and the 
reactor vessel. The blast shield is a laminated of layers 
of absorbing material, held between steel plates that dis- 
tribute the blast load over the entire layer of energy- 
absorbing material. The inner layer is vermiculite-aggre- 
gate concrete, the second layer is air-entrained concrete 
and the third layer is Celotex. Each of these layers would 
absorb part of an explosive shock wave. 

Fuel and fuel cycle. The 150-Mw(e) PF FBR will oper- 
ate on recycle plutonium fuel, with only depleted uranium 
for makeup. Maximum inventory buildup is reached in 
three years. The reference value for average burnup is 
50,000 Mwd/tonne of Pu plus U contained in the PuO.-UO; 
fuel. Batch refueling occurs once each six months with 
twenty-three core subassemblies and fourteen blanket sub- 
assemblies removed each time. In contrast, the initial 
Fermi fuel of U-10-w/o-Mo is limited by radiation damage 
to average burnup of 15,000 Mwd/tonne of contained 
uranium with a batch refueling evcle every two weeks 
The inventory is 1,579 kg of U2** in Fermi and 922 kg of 
Pu in PFFBR. This reduction comes chiefly through 
smaller out-of-core inventory needed with the lower through- 
put. The breeding ratio for PFFBR is 1.4 and 1.1 for 


FIG. 6. PRIMARY SODIUM PUMP. Shorter shaft in PFFBR version 
reduces height and permits higher shaft speed (to 1,170 rpm) and 
smaller diameter impeller. PFFBR pump casing is made integral 
with shell of pump tank for easier removal. In new design, check 
valve (not shown) is located in separate housing elsewhere in system 


FIG.7. INTERMEDIATE HEAT EXCHANGER in PFFBR trades floating 
head for U-tube design in Fermi to ease thermal stress problems. 
In new arrangement separation of shielding from heat exchanger 
proper makes for easier access for maintenance 





Better pump and heat-exchanger designs | ¢¢ 
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Fermi. The lower throughput and higher breeding ratio 
reduces the net fuel-eycle charge in PFFBR (see Table 1) 
by 4.5 mils kwh. Fuel costs for Fermi with a PFFBR 
loading, should, however, be as low as for PFFBR. 

Figure 5 shows cross sections through the core and blanket 
of both reactor plants. The Fermi subassemblies are 2.7 
in. square, designed ultimately to contain plate elements, 
while the PFFBR subassemblies are 3.65 in. hexagons. 
designed to contain rods. The PFFBR oxide fuel requires 
the core to be larger than in Fermi—4-ft diam by 4-ft 
high compared with 2.5-ft diam by 2.5-ft high for Fermi. 
Optimization of the depleted-uranium-oxide blanket in 
PFFBR has reduced its thickness to less than two-thirds 
that of depleted uranium alloy blanket in Fermi. Hence, 
the overall diameter of the core plus the blanket has remained 
about the same (see Fig. 5). 


Sodium Pumps 


In the primary-sodium pump for the PFFBR (Fig. 6) the 
pump casing is made integral with the shell of the pump 
tank, thus reducing the number of pieces that must be 
removed. The check valve is located in its own housing 
separate from the pump. The pump motor, set into a 
steel plug, allows for a shorter shaft, which in turn results 
in a 1,170-rpm pump and a smaller-diameter impeller. 


Intermediate Heat Exchangers 


The intermediate heat exchangers for the two reactors 
are compared in Fig. 7. The shielding for the heat ex- 
changers for PFFBR is separate from the heat exchangers 
themselves, allowing for an improved heat-exchanger design. 
Bolted and seal-welded joints give access for maintenance 
and removal of the tube bundle. A U-tube unit replaces 
the floating head, eliminating some of the thermal barriers 
required for the Fermi heat exchanger. Introducing pri- 
mary sodium through the central column reduces thermal 
stresses along the shell wall 


Steam Generator 


The steam generator for the PFFBR, a once-through 
type with single-wall tubes, is very similar to the Fermi 
steam generator. However, because of a lack of data on 
erosion limits, the steam velocity in the Fermi generator 
was held to 60 ft/sec; experiments performed by APDA 
now have raised this limit in the PFFBR generator to 
109 ft,sec. This means an increase in heat transfer coeffi- 
cients in all sections; the largest increase, in the superheat 
section, was from 150 to 286 Btu/hr/ft/° F. In addition, 
the feedwater inlet temperature was decreased from 380° F 
in Fermi to 310° F in PFFBR which increased the log mean 
temperature difference and gave still higher total heat 
transfer per square foot. These improvements in high 
transfer rates together with an increase in the length to 
diameter ratio of the steam generator make possible a 
reduction in cost. Cost comparisons with the natural- 
circulation type of generator show that the once-through 
unit is now approximately one half as expensive. 


* . * 


The studies were conducted by APDA in conjunction with the 
following member companies: Allis-Chalmers, Babcock & Wilcoz, 
Commonwealth Associates, Inc., Detroit Edison and United Engineers 
and Constructors, Inc. These organizations made available the 
full talents of the technical people in their design groups. 
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SPECIFICATIONS: 


Felarehalelamlamer-)enlelel-mielsstialelens 


sensitivity over entire cathode + 20% 
Cathode luminous sensitivity VACHUr-WAleleal-18 
Shock. / gemma ....40 g, 11 ms. duration 


Vibrationy meee... -... 10 g, 25-2,000 cycles 


NEW 5° PHOTOMULTIPLIER 
GBS LABORATORIES 


10-stage photomultiplier tube, 
lL, OD 


tion in each of three planes, as 


_ is guaranteed to with 


‘hangeable with existing 5-inch, 
rs, the 7819 is ideal for seintilla 


BCODYV, photometry and fly ing spot 


colleetion efficiency prov ides ex 
response Across the face of the 


| by the special design of the plano- 


eoneave faceplate with S-11 photocathode (visible re- 
sponse) deposited upon the curved surface, 

The high eathode sensitivity, together with uniform 
cathode response, result in superior pulse-height reso- 
lution on large seintillators and also make this tube 
ideal for alpha monitoring, 

The 7819 ean be shipped from stock to vour order, 
For complete information on this and other tubes in the 
new photomultiplier line, write to CBS LABORATORIES, 


Eleetron Tube Department, 


HIGH RIDGE ROAD, STAMFORD, CONNECTICUT 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC, 








Complete Instrumentation 
in Nuclear Measurement 


EKCO for RADIATION MEASUREMENTS: 
=) nameplate Ekco Electronics, 
struments of wide application and diversified de- 
This nameplate is 


EKCO 


‘sign in almost every country of the world. 


assurance of the very best in concept, workmanship and capa- 
bility. 


N616 ELECTROMETER 


Head amplifier permits im- 
mediate selection 10'2, 
101°, 108 resistors, plus 
en circuit for rate of 
each full scale from 3 mv to 3 volts: 
day +2% accuracy for voltage mecsure- 

v output. Full test facilities. 





charge measurement. A 
100 wv stability day to 


ments. Recorde: 


N664 SCINTILLATION COUNTER 


The truly universal Scintillation Counter for use 
with EKCO scalers and ratemeters and instruments 
of comparable ability. Has inbuilt linear amplifier. 
Extremely sensitive and efficient for counting of 
tritium and other weak isotopes in liquid form. 
Ideal for routine gamma counting with solid or 
well-type crystals. Compact, dependable and proven 


N530 SCALER 


Preset time and preset count Six 
decade automatic scaler with precision 
discriminator and stable H.V. to 2,000 
volts. Large meter monitors H.V. and dis- 
criminator voltages. 5 us resolution input 
sensitivity .1 volt meg. or 5 volts pos. 
Push buttons also provide start, stop, reset, test 1 cps, test 60 
cps. The perfect instrument for most scintillation and GM counting 








N600 RATEMETER 
Plug-in assembly in a compact versatile 
package. 10 ranges 3 cps to 100,000 cps 
full scale with mean probable error con- 
trol from 1% to 10%. P.H.A. section 
provided with variable gate in voltage 
0-100 and 0-100% of threshold with 
manval and automatic scan. Fast recovery from overload. Linear 
amplifier from 25-1,000 times with stable H.V. up to 2,000 
AMP input sensitivity .5 mv to 2 negative, 5 volts to 100 positive 
Recorder output. 

. 

time constant of 15 hours. Measure, Beto é 
3 MEV to 500 KEV and Gamma 3 MEV to 
10 KEV with 10% accuracy. Chamber especially designed to 
approximate physiological dose-rate 





N596 RADIATION MONITOR 





Op dard batteries. loniza- 
tion g*~ of high sensitivity; O-3 
mrads, 0-30 mrads, 0-300 mrads plus 
integrating range of 0-30 mrads with o 





inbuilt calibration source. Scales 


second time constant 





The 
Ltd. appears on in- 








Linear Amplifiers 
Geiger Pre-amps 
Geiger Probes 


High-Resistance 
Measuring Set 

Manval Scalers 

Standard Ratemeters 

Beta-Gamma Monitors 

C.D. Radiation 
Monitors 

Medical Scintillation 
Counters 

Sodium lodide 
Crystals 

Sample Ovens 

Pulse Analyzers 

Coincidence Units 

Portable Scalers 


Reactor Period Meters 
Log Gamma Monitors 
Thermocouple Trip 
Amplifiers 
Fast Neutron Heads 
Effluent Monitors 
Shut Down Amplifiers 
Power Error Meters 


Nuclear Transmission 
Gauges 

Backscatter Gauges 

Pipe-wall Portable 
Gauges 

Fluid Density Gauges 

Proportional 
Controllers 

Limit Alarms 








discrimination against gomma dose rate. 


N578 SLOW NEUTRON MONITOR 


Measures dose rate from siow nevtron 0-15 mrem/hr to 0-150 mr with 
calibrated and direct reading. 
Energy range to 30 eV. One 


EKCO ELECTRONICS, LTD. 


In U.S. A., address all inquiries to 


American Tradair Corporation, 34-01 30th Street. 


Long Island City 6, New York 
Ltd., Southend, England 


ELSEWHERE: Ekco Electronics 
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Radiotracers 


This article starts on page 58 
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DU MONT 
RUGGEDIZED 
10-STAGE 
1S) ee 
ad LOMB ORES) -) 5 


Another example of Du Mont creative engineer 
ing in photoelectronics . the Du Mont Type 
7860 is a commercial reality, in production, in 
use, and ready for your applications right now 
It is a ruggedized, 10-stage multiplier photo 
tube with a flat end-window having a cathode 
of S-11 response. It is only 34” in diameter 
and 37%” long—saving space through the use 
of an integrated potted base and short-lead 
internal structure design. Through and 
through, the 7860 is designed and manufac 
tured to meet the most rugged conditions of 
J alelel@r-laleme dlele-) ales 


This is the answer to space age requirements 
fol am olale) col-1-endcelellomanl-r-1-1) 14 -1081-15) «eo aa one a) 
sider the 7860 for: 

e Scintillation probing 

e Analysis of low level light sources 

e Oil exploration 

e Spectroscopy 


FOR ALL YOUR MULTIPLIER 
PHOTOTUBES... 


From everyday, work-a-day applications to the 
most sophisticated, precise space programs, 
Du Mont multiplier phototubes are meeting 
and exceeding requirements. For your require 
ments, come to Du Mont first. 


Write for literature. . . 


oU MONr 


ALLEN B. DU MONT LABORATORIES, Clifton, N. J. la 
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FIG. 1. COUNTER includes motor-driven cradle that holds sam- the left record the counts. Counter cross section on right shows 
ples and transports them into counting position. Electronics on four scintillators, each viewed by two photomultipliers 


K“” Gammas Give Estimate of Lean Meat Content 




















> 
By DEREK H. PRINGLE, \uclear Enterprises Ltd., Edinburgh, Scotland 
and RON.AN KULWICH, [. S. Department of Agriculture, Beltsville, Maryland 
a 
In hams, as in humans, K* gamma etivity These two activities ar “iso. important for pubhie health 
activity is related to the amount of separated and then recorded simul- authorities 
lean meat (1J-3). Therefore sinc taneous n two channels, one (~1 Although we have made few experi- 
gamma ray measurements provide an 2.2 Me for K*” and one (~0.4-1 mental observations so far, it is quite 
objective, nondestructive method for Mev) for Cs The Cs'* is counted evident from our results that there is 
estimating lean content, this method separately to determine whether a re- i nearly linear relation between lean 
may make marketing operations mor lationship exists between its abun- ontent (from a nitrogen estimation 
effective than they are now provided dance and the lean and fat content. in 50-60-lb samples of ham lean and 
the error of the estimate is sufficiently Knowledge of the amount of Cs!* is it and the K*® count (Table 
small. Before this process can be 
applied to marketing, however, fur- 
ther research must be done to deter- 
mine just how closely K*° measure- 
J : TABLE 1—-K*® Measurements of Ham Lean and Fat 
ments are related to lean content 
Measurements of large numbers of 0) eae ee 
samples must be made to find out how Weight K* (cpn 
K* activity varies in different mus- Sample lh counting rate Water (%)* | %)* Lear 
cles and different animals. We ar 
now using the large plastic scintilla- 100% lean 59.50 44.1+0.6 73.3 5.9 91.8 om 
tion counter that is shown in Fig. | 55% lean 51.00 24.2+0.7 13.5 15.6 §2.3 
for this purpose. 907% leat 58.15 22.5 + 0.5 D4 19.5 90.0 
Our counter, which can measur 107% heal 61.15 el. £0.5 ate »> 5 0.9 : 
raat 100% fat 57 . 56 0.4 0.5 6.1 2.3 7 
meat samples weighing as much as “ges bs Nats neage 
80-II tei f heati ‘ntill Fat jacket} 7 31 ee. Ot 3 ay 3 
-lb, contains four plastic scintilla- “ ‘ ‘ ; : 
. : - og Fat and lean§ 58.81 22.0 0.5 12.0 ti 3 2.2 
tors in a 49 geometry. The scin- 
tillators are viewed by eight photo 
o_ gs on * These percentages are by weight Fat and lean should add up to 100% Phey fai 
multipliers. They have — sufficient to do s because of experimental error 
resolution to separate naturally o t Estimate from nitrogen measurement 
— " 40 se t Roll of le irrounded by roll of fat 
curring K* gamma activity (1.46 ga 
d ae Se ‘ >! of lean end-on to roll of fat. 
Mev) from Cs!*" (0.661 Mev) fallout 
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Nuclear-Chicago's New Model NH3 Neutron Howitzer 


An outstanding nuclear training device for 
th low-level neutron sources... production 
active tracers...low flux activation analysis 
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Photomultiplier me Adding Nonover! ooding 4 
No. 4 Preamplifier Rab etch a circuit amplifier 
] —— — — — 
' ly, : «40 cs5!37 
2g il --J Single - Single - a ’ 
- channel channel 
; X9-X, ai analyzer analyzer _ 
Photomultiplier - Preset- Preset- 
f ; eset 
No. 8 Preompitier count unit count unit 1 
x X oo ] 
Settee ert! Scaler | le 


— 








Photomultiplier ‘Sic wl oa - 
: Bois ——__— F lis ante oo 
balancing circuit Count dials [ Cuiet diete 


FIG. 2. CIRCUIT adds signals from photomultipliers, separates K*® and Cs'*’ signals and records them in two separate channels 











Furthermore the results from the ] RaD activity \ lead-filled door 
third, sixth and seventh samples Characteristics of attached to the motor-driven stain- 
shown in the table indicate that the less-steel cradle seals the entrance to 


geometrical configuration of lean and the Instrument the well after sample is inserted 





fat meat does not greatly affect the Integral background (>150 kev Circuit. The signals from the 
counting rate. The increase in ~16,000 cpm eight photomultipliers go by way of 
counting rate with the increase in the | Counting rates and times with cathode-follower preamplifiers to an 
per cent of lean content is ~0.5 cpm 76-gm KCI source idding circuit in the base of the 
%/\b K*" channel rate detector unit (Fig. 2). Here the 


~43 cpm gm of K* signals from each pair ol photo- 


Counter Design Disintegration rate of K*° is multipliers that view a single scin- 
194 dpm/gm. 


tillator quadrant are ¢ ibined oO: 
Background-plus-sample time a ees OGAEEDES INNO & 


In our counter, signals from the 











. ie “HW, a : - . single ae s ( he Ses oO all o 
four scintillator quadrants go throug! for 10° counts 5A Ot wile ingle pulse and the pulses from all of 
cathode-follower preamplifiers to a Background alone, time for the quadrants are combined into a 
circuit that combines their counts, 10° counts 19.37 min single pulse train going to the control 
then to two single-channel pulse- Standard deviation, K* net | unit " 
height analyzers that separate the counting rate 16% | In the control unit the rest of the 
K* and Cs!" signals and finally to electronics is located. A nonover- 
two sets of recording dials. The loading linear amplifier (Nuclear En- 
counter is designated by Nuclear terprises NE 5202,* gain of 50,000 
Enterprises as its NE 8105* low-level feeds into two selector-scaler channels 
P ines tubes has its own cathode-follower sage rion es 
counting facility (4). . Nuclear Enterprises NE 5102* and 
igs ae ; mae preamplifier. Energy resolution and : 
Scintillator. To avoid toxicity and NE. 5103* the upper channel ae 
i * pulse height improve as the number of 
fire hazards associated with liquid epts ~1-2.2 Mev to count K* 


ee : photomultipliers increase; there must 

scintillators as well as the need for gamma rays 
. ‘ he a compromise, however, between ; 

rather complicated containers and 1 Mev to count Cs gammas 


liquid seals we made a scintillator in 


ind the lower ~0.4 


these factors and the cost, installa- 
; ; ; Preset-count units trigger the two 
7 ; tion and maintenance difficulties of 
four quadrant sections, using a com- ; scalers, and the sample activities are 
to] scintillesi lasti Waal the photomultipliers. let 
mercial scintillating plastic (NUuCcie“ar . determine simuitaneousiv on the 
g | Light reflector. Phosphor-wall re- 





Enterprises NE 102*). This ScCln- two ¢ hannels There Is however 
: ‘ ae flectivity in annular counters is 
tillator is ~24 in. long and has an 
r i : : important in determining what frac- 
outer diameter of 24 in. and an inner 
7 : : gt: tion of the emitted light finally 
diameter of 14 in. The scintillators ¢] ie aaa 
: 7 4 reacnes 1e MOTOCAaA lOades ?. y ‘s ae 
are sprayed with a reflective coating ; TABLE 2-—Counting Efficiency vs. 
¢ : In our design the ratio of the fraction Wei 
everywhere except where viewed eight 
: ‘en _ so of the light that reaches the photo- 
by the photomultipliers. Therefor Bact 
; F : ; cathodes to the fraction of the surface ey a 
there is no optical coupling between OOM} ounting 
eRe “ae viewed by the photomultipliers is eiaht (ih Coatent  eficiencs 
the individual scintillator quadrants ; 
; : ~4%. We have found that a 
in the instrument. x 
ca an ; sprayed laver of  alpha-alumina 0.71) 2.0 
Photomultipliers. To view — the ure KC| ® 
sod , =e powder with a suitable binder and 00s 19.0 
scintillators we selected eight 5-in.- lasticie +] ' P ; ' sage 
* d “9 plasticizer is 1 most efficien - (.0 
diameter EMI 9530A* photomulti- doct 1.0 KC] 15.4 
Y ° : . reflector Ie 
jliers. - Each of these high-resolution cosas ”) 0 iat as 
— & Shielding. lo reduce background aA 1.8 
. ‘ on . Z 0) vyranu ted | ) 
* Mention of specific instruments or to a low level the scintillator is S ' 
trade names is made for identification pur- .. 0.0 ui 1.) 
: : ‘ completely surrounded by at least oa 
poses only and does not imply any en- 40 ? 
dorsement by the U. 8S. Government sig in. of aged lead (with verv low 
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now | read NUCLEONICS WEEK.” 


— PHH, Alaska 





“My employees called me ‘old stick- 
in-the-mud’ before I subscribed to 
NUCLEONICS WEEK.” 

— STR, Chicago 





“[ had a terrible problem before I 
read NUCLEONICS WEEK.” 


— HJT, Nova Scotia 


Make a date this week with... 


NUCLEONICS 
WURIEEE caw vom nx 





“I never heard enough nuclear news: 
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TOA 
MANAGER’S 
MANAGER 
FOR NUCLEAR 
- MATERIAL SECTION 


| 

The man in whom we would be interested Is excep- 
tional —he stands out professionally and personality- 
wise from his contemporaries and associates. He has a 
degree in metallurgy. He should have an advanced 
degree in this or a related subject with 5-10 years 
nuclear experience. He is the type of individual who 
assiduously studies the current journals in his field to 
keep completely up-to-date on all progress within this 
rapidly moving technology. He must also possess the 
administrative ability, the sincerity, integrity and 
knowledge that equips a top-notch salesman. If these 
qualifications can be equated with your own, or if 
you know of an individual with these qualifications, | 
we would be interested in receiving an exploratory 
letter from you or from the individual who meets these 
requirements. 











For more information on this position 


write to: Mr. C. S. Southard, Westinghouse Atomic Power 
Division, RO. Box 355, Dept. X-7 1, Pittsburgh 30, Pa. 


Westinghouse 


ATOMIC POWER DIVISION 
| FIRST IN ATOMIC POWER 
| 
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Estimating Lean Meat 


This article starts on page ? 4 
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FIG. 3. DIFFERENTIAL SPECTRA for K* 
source and for background 


some spillover of K* and Cs'*? gam- 
mas from one channel to the other 
When both Cs! and K* sources 
have equivalent activities, we may) 
select upper-channel settings in such 
a way that the contribution of Cs 
is less than 1°% of the total net K‘ 
count. K* counting efficiency can 
be increased by widening the upper 
channel; however, the Cs! contribu- 
tion then increases. 

Although the pulse-height spec- 
trum obtained from these gamma 
photons is produced by multipl 
Compton interactions, our large plas- 
tic scintillators give reasonable resolu- 
tions (6-8). 


Performance 


To get the best possible resolution 
of the total-absorption peak produced 
by multiple Compton scattering, on: 
must obtain the spectral respons 


from each photomultiplier (9). This 
can be done by setting the voltage on 
each of the tubes with the potentiom- 
eters of our photomultiplier-balancing 
circuit until the pulse height from 
each of the tubes becomes the same 
The complete voltage range covered 
by the coarse ste pped control, ~ 400 
olts, is adequate to cover the varia- 
tions in tl haracteristics of each 
tube as well as variations in dynoc 


ad ligl t-« olle etion ¢ fhieren \ 


each phospher segment. It. is 
host 4 irry out the balancing by 
asuring the counting rate in eacl 


hannel in an energy interval on the 
rapidly falling edge of the Compton 
listribution 

For the balancing measurements we 
use a cardboard jig to place a card- 
board container with 1 kg of KCI in 
the center of the counter After 


setting the high-voltage supplv at 
1.250 volts an 


| 2 Al Wo, we 


1 the amplifier gain at 


adjust coarse controls so 
that the integral counting rate in 
each tube above 0.47 Mev (bias 10 
olts) for the sample plus background 
s ~6,000 cpm. Then we adjust the 
fine controls to give ~S8O cpm in 5 
min counts on each photomultipliet 
with a pulse height of 14 Mey 
30 volts) and a window width of 
~O0.12 Me 1 volt After this we 
switch eight photomultipliers 


and measure the differential spec- 


1 


trum, first with source plus back 


ground and then with background 


Lrone Fig 3 

The resolution is ~27° half 
vidth at half maximum Althoug! 
this could be improved by using addi- 
tional photomultipliers, we get an 


Impurities in Commercial Sodium 


By C. H. LEMKE, N. D. CLARE and R. E. De SANTIS 


Electrochemicals Department, EF 
Niagara Falls, New York 


We have found that standard or 
slightly modified wet-chemical ana- 
lytical methods are satisfactory for 
determining sodium impurities that 
are significant in sodium intended as 
a reactor coolant or as a reductant for 
refractory metals such as zirconium 
We have also found that sodium from 
several commercial sources mects 
purity requirements. 

Oxygen impurity in sodium was 
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Pont de Nemours & Co Tne 


ot ineluded n this study since 


tens Ve Ork has alread bee! 
Little has been pub 


ished. } ever, on the contamina 


1 


on levels d analytical techniques 


rthe deter: ination of the clement 


sted in The table 
Preliminat stud suggested that 
stundal tical methods could be 


ling the sodium sample 





adequate separation of K*” and Cs!*? 
activities with our instrument. 
Typical characteristics of our in- 
strument are shown in the box on 
Page 76. Table 2 shows the effect of 
sample weight on counting efficiency 
in the K* channel produced by self- 
absorption. To estimate the effect 
of the position of the sample within 
the detector, we made a series of 
measurements with the 1l-kg sample 
334-in. dia 


na cardboard cylinder | 


9 in. long The lowest efficiency, 
with the evlinder at the extreme front 
f the detector, was ~70°% of the 
ounting efficiency at the center 
Over a lengt! f IN in. in the well the 


counting efficiency is >S85°% of that 


at the center 


If the sensit t of the equipment 


lor any mitter in the Q.o 


2.0-Mey 


times the standard deviation the 


range Ss expressed as three 


i 60 lb sample is ~5O00 


ywuc in l-! i le and background 
ounts and ~dSO ywyue 1 20-min 
count 
Ham samp da hem 
uly ana é f 7. = 1 S 
I l 
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It remained t « demonstrated that 
he methods ith or without 
ition sutisiuctor m the 
resence y imounts of sodin 
hloride that the ontaminant 
uuld be separated for determination 
Phosphor l t ind lead were sepa 


tation with iror 


Boron t potassium and the 
inthanide g required separatiol 
iwethod binations of methods 
to sod LMAaiVSIS 

Unless Lherwist noted 20-g1 
sum ples lm were dissolved i 
i methanol-30 water solution 
inder t atmosphere These 
solutions ! rhicache suightly acid 
vith hydrochlor iid, concentrated 
until suturat vith NaC] then 
liluted to 250 with distilled water 
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Boron. Colorimetry. 1 gm Na _ dis- 
solved in water under nitrogen, put 
through Amberlite IRC-50 ion-exchange 
resin and received in lime slurry. Boron 


Analytical methods: 

Aluminum. Colorimetry,8-hydroxyquino- 
, 125-ml aliquot NaCl 
soln determined with curcumin (3, 4). 


line method 





Data on Analytical Reliability 


Reliability of methods* Specified Found in 


impurity commercial 
sodium 


{mount added Amount determined limits 





Klement ppm (ppm (ppm) (ppm) 
Aluminium 10,10,10 9.6, 11.0, 10.7 10 1-4 
s0ro1 1.74 em NaOH 
sample: 0.20 0.25 0.25 0 10-017 
1.0 gm Na sample: 
0.20.0.20,0.50.1.00 — 0.26,0.20,0.51,0.95 
Cadmiun 0.20 0.21 0.25 0.05 
Hf (and Zr Zr added: 2.5,2.5 2.3,2.3 10 2 
Lanthanides 1.2:5.0,5.0,10.0,15.0  Lad.8,7.5,11.0,17.0, 5 3.4-5.4 
15.0,25.0,Gd:5.0 15.3,25.0;Gd 4.6 
Sm:5.0:Yd:5.0 Sm :4.6;Yd:4.7 
Lead and tin 1.4 Pb, OSn 1.5 Pb:10t Pb <1 
0 Pb, 1.2 Sn 1.3 Sn:l0t Sn <1 
Lit} 0.3,0.3,0.3,0.5 0.3,0.2,0.2,0.5 0.5 <0 06-0. 36 
0.5.0.5 0.4,0.4 
Phosphoru 5.10 10 <1 
Potassiu 20, 40,50, 60,80, 100 200T S6-1SO0 
lungster 5.95 25 5 or | 
Zin Na sample: 10,50 9.53 50 2-5 
NaCl sample: 50 19 
*] uses where ore than one sample was determined, amounts added and amounts 
leter ned are given in the same order. 
These fication values are for reactor-coolant application; all others are for zir- 








In-Pile Sodium Contamination 


The analysis of sodium while in use as a reactor coolant is not nearly as 
satisfactory as analysis for impurities in fresh sodium. 

Oxygen measurement is in perhaps the best shape. Plugging meters are 
ilmost automatic and reliable. The chemical analysis on which the meters 
lepend for absolute accuracy, however, is uncertain. This uncertainty 
much from uncertainties about the sample as from chemical 
20 ppm that 


stems iS 
techniques, which are satisfactory for oxide concentrations of 
are tolerable in most reactor applications. 

The use of even higher liquid-metal-coolant temperatures places more 
importance on the carbon content of sodium. Above about 900° F, carburi- 
zation and decarburization of steels in contact with sodium occurs. Ap- 
proaching 1,200° F, substantial short-term fuel damage may be sustained. 
This is a particular hazard with thin-walled cladding and bellows. Only a 
few ppm can be tolerated whereas traditional analytical methods (carbon 
conversion to CO, and measurement by an absorption apparatus) have a 
useful lower limit of 20 ppm. Another method is to follow the damage to 
thin material samples suspended in the sodium stream, but this is crude and 
laborious, substituting metallurgical examination for process instrumenta- 
tion. Hot traps, containing materials susceptible to carburization, are 
now used as a stop-gap measure to clean up the system. 

Analysis for fission products in the sodium coolant, if performed within a 
few days after sample removal, must be done in a hot cell by wet-chemical 
means. aS any radioactivity analysis is masked by Na* activity. Currently, 
fission-product concentrations are inferred from Xe!** concentration; 
refined techniques are needed to better understand fission-product retention 
1 the sodium stream. Apparently, sodium retains all the halides and 
plates out’’ some metallic fission products at cooler locations.—R. W 
Dickinson, Atomics International Div. of North American Aviation, Inc., 
Canoga Park, Calif. 


if 
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Cadmium. Colorimetry, dithizone 
method (5). 125-ml aliquot NaCl soln. 
10-cm cell used in Beckman spectro- 
photometer. 50 ppm Zn added did not 
interfere. 

Hafnium (and zirconium). Colorimetry, 
sodium alizarin sulfonate (6). 50-ml 
aliquot NaCl soln. Color development 
only lhr. Color read against Zr standard 
and reported as Hf. 

Lanthanides. Colorimetry. 8-hydroxy- 
quinoline treatment (7) precipitates lan- 
thanides, Ca and Fe. Lanthanides are 
reprecipitated by ammoniacal ammonium 
citrate (8) and determined colorimetrically 
with sodium alizarin sulfonate (9); colors 
are read against lanthanum standard and 
multiplied by (at. wt. Lu) /(at. wt. La) = 
1.26 so that inaccuracies would be high 
rather than low. 

lead ond tin. Polarography. Tin and 
lead coprecipitated with ferric iron and 
determined together polarographically. 
Precipitated Pb and Sn from another 
sample boiled to dryness with strong 
hydrobromic acid and bromine to volati- 
lize tin; Pb determined polarographically 
and Sn by difference. 

Lithium. Colorimetry, ‘‘thoron’’ method 
(10). 10 gm Na dissolved in 200 gm 
methanol. Na remoged by precipitation 
with HCl gas and treatment with ether- 
alcohol solution (2). Ca is precipitated 
by carbonate in potassium hydroxide used 
in thoron method 

Phosphorus. Colorimetry (//). 
aliquot NaCl soln. Phosphorus precipi- 
tated with ferric chloride and dissolved 
with 10 ml 1:3 warm H2SO, and treated 
with 2 ml hydrofluoric acid, evaporated to 
fuming and diluted to 25ml. 5mlof 10% 
hydroxylamine hydrochloride is added 


125-m] 


and solution boiled for 5 min. Color is 
developed as described in ref. 77. 
Potassium. Gravimetric method. So- 
dium chloride precipitated with dry HC] 
gas (/2). Potassium precipitated and 
weighed as potassium tetraphenylboron 
(13). 

Tungsten. Thiocyanate-stannous  chlo- 
ride method (14) modified by adding 
12 ml of concentrated hydrochloric acid 
instead of 20 ml recommended and 
diluting until any salt precipitated just 
redissolves Used 25-ml aliquot NaCl 
soln, 

Zinc. Colorimetry, dithizone method (2). 
25-ml aliquot NaCl soln. Zn separation 
from NaCl not necessary 
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By EDMUND S. ROSZKOWSK| 


Although much is known about 
plutonium chemistry, the stability 
and stoichiometry of plutonium com- 
pounds not 
detail, and there are no standard pluto- 


AEC’s New 
New 


have been studied in 


nium materials. Bruns- 
wick Laboratory, 
N. J.—one of only two laboratories 
that AEC operates directly 
installed a $125,000, 1,000-ft 
ity for the preparation and study of 
appropriate 
that can be used as standards. 

These studies will include methods 
of preparation and the effects on 
the 
as disproportionation, polymerizatio1 


1 


Brunswick, 


has 
facil 


plutonium compound 


compounds of such processes 
air-oxidation and alpha-induced rea: 

Since extreme care is needes 
to prevent the accumulation of pluto 
nium in the human body (maximun 


tions. 


permissible body burden is 0.0005 yg 
or 0.008 uc), the heart of the New 
Brunswick facility is a glovebox and 
open-port-box laboratory for handling 
the plutonium. 
facility are for the emission spectro 


Other rooms in the 


graph, counting and change of clotl 
ing by personnel. 
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New Brunswick Area Office, U.S 


- 4 = 


PLUTONIUM-LABORATORY LAYOUT. Samples introduced and 
examined in the glove-port box at lower left are prepared and 
weighed in the succeeding three boxes, analyzed for plutonium in 
the middle row, and for impurities in plutonium in the top row 
Bottom row is for sample preparation for spectrograph 
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lronts 
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boxes along sides. Impurity-analysis 
boxes for plutonium analysis are on right 


Laboratory for Plutonium Chemistry 


ay Commission. New Brunswick, New Je 
IbOnIUD toborator avout 
the drawing, and some « the bu 
boxes and open-port boxes roon int 
the photogr iph The On tl 
t boxes are satisilactory tor nd 
vith plutonium § solutions hausts | 
tl ower likelihood HO be 
ition from solutions vloveboxe 
ces manufactured by SS iborator 
Ir incorporate improve haust alr 
er ler designs. The slop roof, absolut 
ncrease he adroom lor the ! 
ind the glass fronts provick borator 
of the box interiors scharged 
eproof absolute filters in the gro 
an be replaced sing! ontit 
terrupting air flow Pneu 
erated guilotine-ty pe LAquUuid 
t tl gloveboxes te t} itor 
tT 
stand ol the spectrograp! tanks ! 
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ndows to the analvzer ir s ever t gr| 
ent room. This arrange e ren 
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GLOVE AND OPEN-PORT BOXES are highly polished stainless 
steel with crevice-free welds to simplify decontamination. 
port weighing box can be seen at far end, open-port analysis 
row of boxes is on left; 
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Master-Slave Manipulators — 
AMF now offers a new, Heavy- 
Duty Manipulator with up to 5 
times the operational capacity 
of its Standard Model 8. A bro- 
chure describes its many un- 
usual features. 


New and different 
from AMF Atomics 


Research, test, training reactors— 
Twenty-one AMF research reac- 
tors, including all major types, 
are operating or are under con- 
struction over the world...mak- 
ing AMF the world’s leader in 
the field. 


Reactor refueling equipment — De- 
veloped for refueling submarines 
and stationary nuclear power 
plants, this equipment permits 
remote removal of plugs, control 
rods, other core components. 


Remote handling equipment— 
AMF’s unparalleled experience 
in mechanical design has been 
applied to the nuclear field. Such 
equipment as manned and un- 
manned special-purpose vehicles 
for power reactor maintenance, 
nuclear aircraft handling, and 
salvage and recovery operations 
have been developed. 








Hot-cell equipment—Specially de- 
signed equipment for “hot” prob- 
lems developed by AMF includes 
remote-controlled milling ma- 
chines, remote welding machines, 
and intercell heavy-duty remote 





Control Rod Drives — AMF pio- control transfer devices. 

neered and standardized the 

cantilever drive for research Fuel elements—Natural uranium 
reactors. Now AMF offers this fuel elements for research, test 


unitized control rod drive for . 
me ‘ Ww ‘ Sé sig 
proseurland water. odd. Walia and power reactors are designed 


water power reactors. it fea- and manufactured at AMF’s 
tures reliability and economy. Canadian fuel plant. 


Contact us for detailed information. 


Seal Weld Cutting and Welding 

Machine — Custom-designed 

both for semi-automatic weld- AM r ATO M | Cc sy 
ing and cutting of seal between 

vessel head and body on power A Division of 

reactors. Adaptable to any American Machine & Foundry Company 


* ve "iv variation of this basic design. 261 Madison Av » New York 16,N.Y. 








Experience, performance across the board ... across the world 








“NUCLEAR ENGINEERING 
Nitrogen, Air Acceptable to Cool ML-1 


Work within the Army Reactor 
Program has developed design  in- 
formation for 
and air—to the point where they can 
be added to the list of possible cool- 
ants for high-performance nuclear 
plants. High-temperature corrosion 
and creep tests carried out by Aero- 
Nucleonics table 
performance in 


two gases—nitrogen 


jet-General (see 
showed acceptable 
nitrogen and air for both Hastelloy-X 
and Inconel. In tests up to 5,000 
hours these two alloys satisfactorily) 
withstood corrosion penetration, and 
effects upon ductility, 

properties and 


corrosion 

mechanical 

structure. 
As a result, these two 


metal 


materials 
have been selected for fuel-element 
cladding in the ML-1 
gas-cooled mobile plant under joint 
development by the AEC and the 
Hastelloy X 
will be the reference design alloy and 
Inconel the backup. The ML-1 cool- 
ant gas presently is 99.5 v/o Ne + 0.5 
Oo; 
ML-1 would use air asa coolant. As 
the table shows, part of the problem 
is that the corrosion rate for air is 
twice that for the 99.5 v/o Ne + 0.5 
v/o O» mixture. The trace amount 
of Oz» present in the latter acts to pre- 
vent nitriding of the clad material. 
Other materials included in the tests 
were Inconel 702, Inconel-X, Hastel- 
loy R-235 and Inor 8. Additional 
alloys are now being screened for fur- 


reactor (the 


Corps of Engineers. 


v/o advanced versions of the 


ther compatibility tests. 


Although = the 


date 


\IL-1 designs con 
sidered to are closed-loop pres 
surized systems, the demonstration of 
feasible coolant 


ir as a opens up 


the possibility of open-cycl “once 


ML-1 typ. 
| would then com: 


through” designs for 
The MI 


mh! 
resembte 


even more <¢ losely its 
cousin, the HTRE series 
see NU, Jan 6] p 5). The 
HTRE’s (Heat Reactor 


under deve lopm« nt for 


reactor 


Transfer 
Experiment 
the Aircraf 


gTamMm, Al LiSO 


t Nuclear Propulsion Pro 
essentially air-cooled 


open-eveie reactors 


Operating tem- 
two systems shart 


1,200° F meas- 


peratures for the 
the 


same ballpark 


ured maximum fuel temperature for 


HTRE-3 compared with 1,750° | 


for the ML-1I 
However, the 


material tests in au 


ongest 
HTRE materials 
accumulated by 
HTRE-1 nick 

table show 
tests cove! 


test period 
reported SO far tor 
is the 1,000 


five of the original 


hours 


hromium elements; the 
that the Aerojet period 
ip to fis mes Is 5.000 | 
The data 
Haste 


reep 


5.000 





ML-1 Fuel-Clad Test Results for Nitrogen and Air 
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2,500 F Liquid Metals Needed 


for Space lon 


The sodium and Nak coolants of 
earthbound reactors operate at nearly 
1,000° F. But to keep the waste- 
heat radiators of reactor-powered 
electrical ion engines for propulsion 
deep into outer space within a reason- 
able football 
field”) the coolant must operate in 
the 2,000-2,500° F range. Toda 
NakK-cooled SNAP (Systems for 
Nuclear Auxiliary Power) 
being built to 


size (“less than a 


reactor 


are operate wit! 


82 


Engines 


S00 Nak coolant 
but to go 


1.200 
ercury-vapor t 


2. 000—2.500° F new 


Iirbines 
reactor 


Con 


nts and materials ar 


<tend liquid-metal tech- 
1,500° F, the U. S 
Commission Au 
Aeronautics and 

ire sponsoring 
velopment 

pts, coo 


mponents 


Ip to 2.500 


1500° | X04 


MTR 


to tempera- 
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Hotter SNAP, SPUR Reactors 
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~ UN)-TT 


tt | s studying ANTON GAMMA AND NEUTRON DETECTORS ON A 
KX SPUR (Space Power JOURNEY TOWARD THE CENTER OF THE EARTH 


the sUU-Kwe AV, -1a'20t- ham al -1g-Me-1 ale Me) 0) ae)-le Mw. Val colaime|-3c-1ei ce) a-mlel¥l aal-h’ mantle) a-M car lamas 1® 
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Nucleon results under severe impact and are unaffected by temperature over 
r ten 1d al-id-1a)°4-0e) Meeetobo bl OF 0 os Who bs OM os- 1 ¢-1ahc-1e m-Val celal e)aele-t-t-1-1-M-) lanl ieret i> 
P-S l} tur microphonism, increase sensitivity and resist temperature change 
1.900 Since Anton pioneered the first well-logging nuclear detector more 
n of dat-Taallal-i 1-1-1 a-m-}-40 mm Valco) amar-1(e):4-1ame Ul -ialeial re mes-]aalaat-Mel-1¢-108 te) am lale 
etal would is) mal-1h eae lam olae)eleladielar-|mee)e ial c-1e-Mal- hom el-1-10 le) 01-101 bil re me) a dal -me) en 1-1 
e heat logging industry as the “rugged detectors designed for high tempera 

lt of re- ture and rough field use.”’ 
denen Chances are—one of the 300 some odd a, §, v and neutron de- 
Por tectors available from stock (or 4 to 6 week delivery) may meet your 
unusual environmental challenge. If not, we can help you—as we 
have done others—by development of detectors for your specific 
needs. Anton Detector data belongs in your file—send for Bulletin E2. 


ANTON ELECTRONIC LABORATORIES INC. 
1226 Flushing Ave., B’klyn 37, N.Y. 
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Pressure Transients Following Loss of Coolant 


By R. CASINI and F. DALLA VOLTA, * Socveta Eleitronucleare Italiana 


For water-moderated and -cooled 
reactors, the plant containment struc- 
ture must be able to withstand th 
pressure and temperature generated 
by the release of all the coolant to the 
interior of the container. With a 
sudden release, the container’s inter- 
nal pressure would jump to an initial 
peak value, then gradually decrease 
with condensation of vapor on the cold 
walls and equipment. 
decrease, the pressure can rise again to 


Following this 


a second peak depending upon the bal- 
ance between the rates at which heat 
is generated by the reactor fission 
products and heat is absorbed by 
‘“‘sinks”’ such as large masses of con- 
crete and metal within the container 

* PRESENT ADDRESS: Westinghouss 


Atomic Power Department, Pittsburgh 
Pa. 
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or dispersion to the outside atmos 


phere (see box Under certain cir 





mstances, this second pe ak might 
conceivably exceed the first 
Ordinarily designers base the plant 
ontainer design on calculations ot 
the initial pressure peak \t pres 


ent, these calculations are typically 


quite conservative-—-ways to mak 
more realistic calculations of this 
problem are much needed Cuven 
the conditions within the container at 
the time of the first peak we present 


here a procedure for calculating the 
transient pressure versus time afte? 
this event Using this method the 
designer can check to see whether a 
second pressure peak will develop 
ifter coolant loss and, if so, whether 
t will be larger than the first If this 
promises to be the situation then he 


Application of Transient Calculation to Yankee | 


To demonstrate the method 
described in this article, the 
authors calculated the pressure 
vs. time curve after a hypothet- 
ical loss of coolant in the vapor 
container of the Yankee Atomic | 
Electric Co. plant. Feeding the 
existing plant data into the pro- 
cedure described in the accom- 
panying article the authors arrived 
at the solid black curve in the | 
figure at left. Their hand-calcu- | 
latedcurvechecksreasonably well | 
with the more elaborate machine | 
calculations performed by the 
Yankee designers. The conclu- | 
sion is that for the Yankee plant 
the second pressure peak (due to 
after-heat) is small compared 
with the initial peak and hence 
a plant container designed to 
handle the initial peak will be 
adequate for the subsequent 
pressure transients In a differ- 
ent plant design the second peak 
might very well exceed the first 
White curves show transient 


temperatures 


SELNI), Milan, Ita 
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FIG. 1. Functions f(T,) and g(T,) vs 


temperature of air-vapor mixture T 
See Eq. 2 for definitions 
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ith the steel she 
®* The temperatures of the interior 
nerete walls and steel plates prior to 
cident are uniorm 

® \fterheat is the sole source of heat 
ted within the container after 
t ( mical reactions 
rate heat but these 
ompared with 

ter t ! t water reactors 


Mathematical Description 


heat sources and 


tha ng set of differ- 





Q U,S,(T, — T..) 
= | AT dT 
+ \ WW ie WW r 1) 
y= | dt dt 
UST. ~ F. UAT..+ 1 dT, 
dt 


All quantities are defined in the box. 
The heat capacity of the 
is defined as the 
derivative of internal energy of the 


air-Vvapor- 
liquid mixture W 
mixture with respect to temperature. 
iN Vf(T,) + Mg(T,) + WV 2) 


whe re 








atana Ls 

luctivity of i-th slab 
iteria Btu /ft hr °F 
energy of satu- 
ited vapor Btu ‘Ib 

f ternal energy of liquid 
Btu Ib 

H ft 
Eqs. 10 and 11 





t sulated or total 


insulated ft 


water mass (in form 
Vapor re 
ntainer Ib 
luct after heat 


Btu hr 


irface area of 
er ivailable to 
atmos- 
ft 


ige temperature of 


ternal concrete or 
Lee siabD at F 
verage temperature i-th 
start of n-th time 


tery F 





Definitions of Symbols 


wa" temperature of air-vapor 
mixture F 
T, i average temperature of 
air-vapor mixture during 
n-th interval F 
Ve temperature of air-vapor 
mixture at start of n-th 
interval F 
ta" temperature of container 
shell F 
U heat transfer coefficient 
between air-vapor mix- 
ture and container shell 
Btu /ft?hr°F 
U heat transfer coefficient 
between container shell 
and atmosghere 
Btu /ft*hr F 
V net container volume ft 
Vv. specific volume of satu 
rated vapor ft®/Ib 
WwW, heat capacity of air within 
container Btu, F 
W heat capacity of i-th inter 
nal concrete or steel slab 
Btu °F 
W heat capacity of shell re 
gion exposed to air-vapor 
moisture Btu /°F 
W heat capacity of air-vagor- 
liquid mixture Btu (°F 
time since accident hr 
time reactor was at power 
hy 
heat transfer coefficient 
between air-vapor mix- 
ture and i-th slab wall 
Btu /ft*hr’F 
thermal diffusivity of i-th 
slab ft? /hr 
* These nperatures are relat 
itrmospheric temperature; T, 
bserved temperature in region x 
atmosphe ric temperature 
t These te mperatures are relati 
to the slab temperature 





7700 Series 


HAWS 
SAFETY 
FOUNTAINS 





Wash harmful fuels and chemicals from 
eyes and facial areas, instantly! Pre- 
vent discomfort and serious injury. 
Units may be wall or pedestal mounted; 
with hand or foot operated quick-open- 
ing valves. 


7900 Series—Maximum coverage eye/face- 
wash. 6 spray outlets in extra large stain- 
less steel bowl set up soft, drenching mist 
for positive first aid. Large hand valve. 


7100 Series—Eye-wash sends pressure-con- 
trolled streams from chrome plated brass 
heads. Acid-resisting enameled iron bowl. 


7700 Series—tye/face-wash simultaneous- 
ly sprays water from perforated copper ring 
and fountain heads. Stainless steel bow! 


HAWS 
SAFETY 
SHOWERS 


Instantly flood 

the body with 
torrents of rushing 
water to wash 
away injurious 
contaminants. 
Your choice 

of single head or 
multiple nozzle 
showers; available 
with hand or foot 
valves. 


Model 8590 — 
Multiple Nozzie 
Shower instantly 
drenches victim from 
all angles 

Large hand valve 


WRITE FOR HAWS 
DETAILED SAFETY 
CATALOG TODAY! 


SAFETY EQUIPMENT 


a product of 
HAWS DRINKING FAUCET COMPANY 
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VITREOSIL 


PURE 
FUSED 
QUARTZ 











IDEAL FOR 
SEMI-CONDUCTOR METALS 


Our unique process enables us to sup- 
ply semi-conductor quality VITREOSIL 
to close tolerances in crucibles and 
special fabricated shapes. Write us 
about your requirements. See our ad 
in Chemical Engineering Catalog. 


SPECTROSIL 


FOR HYPER-PURITY IN 
SEMI-CONDUCTOR WORK 


PURITY — purest form of fused silica 
TRANSPARENCY — unique optical properties 
HOMOGENEITY — completely homogeneous 
and free from granularity 
AVAILABILITY — block material for lenses, 
prisms, etc; rod, fiber, wool; hollow 
ware as tubing, crucibles, and special 
apparatus. - 
Write for complete, illustrated catalog. 


THERMAL AMERICAN 
FUSED QUARTZ CO., INC. 


18-20 Salem St., Dover, N. Jj 
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Pressure Transients 
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29, 
01 0} 
8 
FIG. 4. Ratio Y vs. 6 for various \ and 
L 2. See Eq. 20 


Calculation Recipe 


Using Fig. 1, Eqs. 2 and 9 and the 
definition of the k’s, plot r;, re and 
k,, against temperature in a suitable 
range (k,,, is proportional to k,,). 

Choose an interval of time suffi- 
ciently small so that the temperature 
of the air-vapor-liquid mixture changes 
only slightly and a tentative average 
temperature can be assigned to the 
mixture 

Calculate expressions A, B, 1), 
/,, from the plots of r:, re and k, 
and Eqs. 7, 8 and 12 and the plot of R 
vs. pin Fig. 2. 

Make a semilogarithmi plot ol 
function Z vs. time and fit a straight 
line in the interval ¢; from this line 
and iq 19 calculate Z,, z, 1, Ie 

Determine T,, 


5 and 6 and calculate the pressure of 


and 7, through Eqs. 


the air-vapor mixture as the sum of 
partial pressures of saturated vapor 
and air If the average te mperature 
in the interval is significantly different 
than the average temperature that 
was assumed, repeat the calculation 

\pply a similar procedure to subse- 
quent time intervals, using obtained 
values of T,, 7, and T,, as initial 
values T,., Te. and T lo use 
Eqs. IS and 19, fit 
of function Z vs. time by a straight 


a semilog plot 


line in interval 7 T T, 


“HSsuMi¢ T T 


Slowly Varying 7’, 


If 7, varies only slowly over the 


total-time interval under consider- 
ation, constant values 7, and W 
mav be assumed The following 
expression then replaces Eq. 19 
] Dibow: 4 ok 

. oh 

Ld (a;?>+A / l 
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INSTRUMENT CHARTS 


Strip charts available in 3, 4 and 12 inch 
widths, circular charts in 8, 10 and 12 
inch diameters. Made to resist expan- 
sion, shrinkage, humidity, dryness and 
heat. Close control of sizing gives clear 
record lines with minimum pen pressure. 
Charts are among the many thousands 
of accessories—all from a single depend- 
able source—that 
can help your in- 
struments per- 
form at their very 
best. 


Get details from 
your Honeywell 
field engineer, or 


write today for | — 
Catalog G100-6.| | ®™ 











MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


Honeywell 
1H) Fast Coittol 


nce 1666 
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GRAPHITE 
Serves NUCLEAR 


GLC 


REQUIREMENTS 


throughout the 


world 





For an introduction to GLC graphite—and 
to one of the world’s outstanding graphite 
producers—write for a free copy of our illus- 
trated brochure, “Graphite For Diversified 


Industrial Applications”. 





The uniformly high quality of 
GLC graphite for nuclear appliea- 
tions has been proved in thermal 
columns and reflectors in opera- 
tion throughout the world, as well 
as in sub-critical assemblies 
operated by leading American 
Universities. 


We are equipped and staffed 
to supply a superior graphite 
promptly and economically for 
nuclear applications of all kinds. 
Our facilities for expediting both 
domestic and overseas shipments 
are excellent. 





GREAT LAKES CARBON CORPORATION 





18 EAST 48TH STREET, NEW YORK 17 


Let’s give the 
Little Man a 


BIG HAND 


SERVO TURRET 
REMOTE CONTROL 
TONG MANIPULATOR) 


If this isn’t a vicious circle, we’ve never 
seen one! “‘Dopey’s”’ trying to demonstrate 
that K.S.E.’s Servo Turret Remote Control 
Tong Manipulator operates like a right 
hand. Its precise, peripheral action permits 
the operator to safely perform any desired 
maneuver inside a Safety Enclosure. 


N.Y. OFFICES IN PRINCIPAL CITIES 





“Inside Dope” gets caught by remote control! 


This is a highly refined remote control 
tong manipulator, noted for its extreme 
ease of handling. The complete assembly 
affords more than 2” of shielding and is 
normally used with a lead cave or remote 
control enclosure for the safe handling of 
radioisotopes. 





For complete information, \ 





call or write i 





KEWAUNEE 
SCIENTIFIC 


EQUIPMENT 
ADRIAN, 
MICHIGAN 








4042 Logan Street 





Pressure Transients 


This article starts on page &4 


\\ here 


d : 2 
ind 6 and l ire defined “us 1 logs 
16 and 17. : 

Che function }) ] a 
plotted vs. @ in Fig. 4 for different 


values of A and for L 2, the most 
common cast If X = 0, Y is iden 
tical with | y ae x ) is 
identically 0. For small values of 


N({A| < 0.2), Y may be approximated 
by er? l Z 


‘onverges rapidly for large values of 4 


rhe senes of iq 20 


Under our assumption of constant 
values of 7, and W,, the terms 
in Eq. 6 are now calculated from 
iq. 20 and Fig. 4 


this same simplified procedure may 


More generally 


be applied in a preliminary evaluation 
by calculating W, at temperature T 
and assuming an average value of T 


in Eq. 20 


Pressure Suppression 


In 4. 3 no water spraying into the 


vapor container is considered If 
finely atomized cold water is sprayed 
as a corrective measure to prevent 
excessive pressul ind temperature 


peaks, the term k,,ky,7. must be 
added to the right hand of Eq. 3 
T,. is the water temperature befor 
spraying, 4/ FW ind F is tl 

product of specific heat and flow rate 


ol sprayed Vater The coefficients 
f dT, dt, and T,, in Kq. 3 becom 

k -_—, nd } + k h 
respective! It stead of | | 4 equa 
tion 

h kyr + h 

ky ok 0 22 

should be used and expression / 


/ should be added between brackets 


in kg d 


iq. 6 must be modified according! 
With these substitutions the caleu 
lations then proceed according to thi 


recipe givenb a wove 
BIBLIOGRAPHY 
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\ Bolt Tensioner Speeds 





- a” Vessel Closure 
¢ == 
Q Q By ROBERT G. MICHEL and STEPHEN P. WNUK, JR. 
A A | \ t/lis-Chalmers Vanufacturing Co., Milwaukee, Wisconsin 
q 


said Hvdraulically-actuated bolt tension- 





ers speed fastening the flanged closure 


———) 


of the pressure vessel for the Northern 
Stutes Power Co. reactor. No _ less 


than 48 bolts are involved in sealing 











the vessel’s 91-in.-dia opening. Fig- 





ures | and 2 show how a simplified hy- 
draulic bolt tensioner operates; by 








ait: lensioner using a double-stage tensioner instead 


support ring 


Bolt 
tensioner 






Insulotion of the single-stage unit we can reduce 


ring 








the tensioner diameter while nearly 











doubling its pulling capacity (336,000 





lb max.). Figure 3 shows the parts for 
an improved two-stage tensioner 

ae Bolting and unbolting the 3-in. studs 
Head flange Y by ordinary methods would be cumber- 








some and would add to reactor down- 
time, particularly since we must pro- 
tect maintenance personnel by working 
— through 18 feet of shield water. 
actor vessel S Torque wrenches could be used to 
tighten the studs to the desired accu- 


WHEN CLOSING the vessel, we use a 
racy, but galling and wear problems 


* long tool to put each nut on the stud 
and thread it down to flange by hand. 
Then, with a small crane, we lower the rig 
supporting the tensioners down through 
water toward a stud on the vessel flange; 
insulating ring on vessel cover and chamfer 


SINGLE-STAGE TENSIONER (at left) has 


on tensioner housing act as guides and stretch stud (C) by applying hydrostatic 


associated with this method make it 
very undesirable. To turn the nut 
freely and prevent galling, we could 
elongate the bolt by heating it before 
we move the nut, but this would re- 
quire draining the shield water. Even 
without the water problem it would 
take at least six hours to fasten the 
closure within +10°% accuracy. Hy- 
draulic bolt tensioners are very attrac- 
tive because they do not have these 
problems and they operate consider- 
ably faster. 

We are testing the bolt tensioner on 
a full-scale vessel closure under 18 feet 
of water to refine our operating tech- 
nique. Similar bolt tensioners will be 
used on the Elk River reactor vessel 
closure. 

* - * 

John L. Biach and F. H. Stillman of 
Biach Industries, Cranford, N. J., have 
assisted us in adapting their tensioners for 
this application 


spring-loaded feeler (not shown) that sup- 


ports puller bar above stud threads until (A) nut socket and housing rest on flange; 
then we use long tool to thread puller bar onto stud hand-tight (B); after which we stress 


pressure until gear teeth engage those on 


nut socket (D); then we thread nut to flange, unfasten puller bar and remove tensioner 























TWO-STAGE BOLT-TENSIONER components (shown disassembled below) for reactor 

* for Northern States Power Co. We minimize the required flange area by having 
gear teeth on the nut (4), eliminating socket; thus geared shaft (2) on right side of ten- 
sioner (1) drives nut directly through idler gear (3). Air-operated (100 psi) hydraulic 
pump (5) (driving 2, 3 or 4 tensioners) pressurizes the 8,000-psi water-hydraulic drive 
system, which we control by manual valves (7); bourdon pressure gages (6) tell bolt 
load and stress; we can tension studs within + 


S% 








Statistical Design of In-Pile Screening Tests 


By F. H. TINGEY, Phillips Petrole wm Co., Atomu Enerqy Dw.. Idaho Falls, Idaho 


Even the simplest of in-pile experi- 
ments—capsule programs to screen 
materials—cost enough in time and 
money to warrant statistical methods 
of experimental design to ensure th: 
greatest amount of information from 
the invested effort. Typically, proper 
experimental design can halve thi 
number of experimental runs needed 
(For an example of a practical appli- 
cation in which such a saving occurred 
see box on p. 91.) Proper experi- 
mental design also requires that the 
whole program (including the statisti- 
cal analysis of the results) be planned 
prior to collecting a single item of 
data. Consequently the experimen- 
ter is forced to “do his thinking” be- 
fore he expends time, effort and ex- 
pense on the experiments themselves. 
This aspect of statistical design alone 
often justifies its use. 

Statistical experimental design has 
formed the subject matter for several 
excellent tests (1-8). Entire catalogs 
of designs (4, 5) are now available to 
the experimenter to assist him in his 
research effort. One familiar entry 
in such catalogs is the so-called facto- 
rial design—a design that provides for 
one experiment for each possible com- 
bination of experimental variables. 
More highly specialized designs re- 
quire far fewer observations than the 
factorial. These “reduced” special- 
ized designs are appealing to industry 
in general and are particularly suited 
to the expensive field of in-pile testing. 
Reduced designs, however, result in a 
certain loss of information. Precisely 
for this reason statistical design grows 
in importance because it seeks to 
minimize this loss. This is true re- 
gardless of how few or how many total 
experiments are to be performed. 
Intuition cannot approach formal! 
statistical experimental design in 
effectiveness. 

Application to In-Pile Tests 

In the simplest form of in-pile test, 
small samples of, say, fuel alloy are 
screened with regard to certain per- 
formance criteria. These may range 


from simple go-no-go criteria (per- 
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LATIN CUBE array of specimen types 
A, B, and C cancels effects of flux gradi- 
ents across sample holder during irradi- 
ation experiment in test reactor 


haps, cladding blisters vs. no cladding 
blisters), to highly elaborate and pre- 
cise measurements (for example, 
cladding temperature and internal 
pressure). 

Suppose we want to subject speci- 
mens of several different types of fuel 
alloy to various flux levels for ex- 
The data 
generated consist of physical and nu- 


tended exposure periods. 


clear measurements before and after 
irradiation for each specimen. We 
will want to compare the changes as 
well as terminal properties of the 
specimens 

The reactor imposes certain physi- 
cal limitations: only a limited number 
of experimental positions can be made 
available; neutron flux cannot be 
measured precisely within each posi- 
tion; thermal cycling of specimens 
takes place and depends in part upon 
the position of the specimen within 
the reactor. 

If possible, one would like to ar- 
range the test specimens within the 
reactor so that all factors except speci 
men type are constant. This might 
be accomplished with a sample holder 
that holds several specimens of each 
type 


Experimental error (see box, p. 91 
will show up as random variation in 
the results. Replication—exposing 
more than one specimen of each type 
to each particular set of conditions 
provides information as to the magni- 
tude of the error which can then be 
used to determine the significance of 
the observed differences between 
specimens. Also, under certain as- 
sumptions, experimental design pro- 
vides the means to estimate experi- 
mental error without replication 

Because of vertical and horizontal 
flux gradients within the test region 
the specimens must be arranged in the 
sample holder in a very particular 
manner to prevent this factor from 


A Latin 
Cube array, a particular three-dimen- 


invalidating the comparison 


sional arrangement that satisfies this 
requirement, is given in the figure for 
three specimen types (A, B, C) within 
the holder 

The average of the nine results for 
one specimen type Is an average over 
3 results in each row, 3in each column, 
and 3 in each layer, and similarly for 
the average of the 9 results in one row, 
column, or layer. Therefore any in- 
herent differences between rows, col- 
umns or layers because of flux gradi- 
ents are removed from the comparison 
of the averages for specimen types 
with each other or with the over-all 
average, 

The statistical analysis of this array 
6) involves the resolution of the total 
variation in the 27 results for a partic 
ular characteristic into component 
parts identified with differences be- 
tween lavers between rows, between 
columns and between specimen ty pes 
Under the assumption that combined 
effects are negligible, an experimental 
error estimate can be obtained and this 
in turn used to test the significance of 
the between-spe cimen component 

The procedure and statistical analy- 
sis can be extended to experiments 
conducted in several test regions. 
The basic cle sign outlined above Is Tre- 
peated in each region. As a result an 
additional component is introduced in 


the analvsis, 1.¢ cliff rences between 
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test regions. However, the compari- 
sons between specimens still remain 
valid providing the effects of the vari- 
ous factors act independently of one 
another. 


Incomplete-Block Design 


The above design required 27 speci- 
mens arranged in a three-dimensional 
array even though only three different 
specimen types were involved. Space 


and heat-removal limitations often 


preclude such a design; all specimens 


cannot be tested in the same test 
region However, at the price of 


some complication, we can use designs 
in which every specimen is not equally 
test 
are called “incomplete” block 


represented in each region. 
These 
designs 4 


“block” is the experimen- 


tal array of specimens). If compari- 


sons between specimens are to be 
made with equal precision such de- 
signs should have balance, i.e., any 
two specimens should occur together 
in the same block the same number of 
times as any other two. An applica- 
tion of this design to the screening of, 
say, four alloy types (A, B, C, D) in 
sets of three utilizing four test regions 
is given in Table 1 

Even though all specimens do not 
occur in the same test region, unbiased 
comparisons between specimen types 
are still possible 

The experimental error is estimated 
from the replication that takes place 
The total vari- 
in the complete set of observa- 


over all test regions. 
ation 
tions resolves into that identified with 
region-to-region changes, that associ- 
ated with 
types and experimental error. 


specimen 
De- 
exist for a great 


differences in 


signs of this 


ty pe 


iriety of treatments (specimens), 

















TABLE 1--Incomplete Block 
Test region 
1 2 3 5 
A A A B 
B C Cc 
( D D D 
TABLE 2—-Symmetrical Incomplete 
Block 
Test regions 
Rows 1 2 3 4 
K D c | 
2 Cc A D 
5 \ D B 
4 B A Cc 





blocks (test regions) and treatments 
per block (8). 
pied by the samples in each test region 
is considerably less than that in the 
Latin Cube design, the flux gradient 
over the samples is very likely not as 
severe. This design makes no at- 
tempt to cancel out the effect of this 
variation. Instead we depend on the 
randomization of variables 


Since the space occu- 


unfixed 


that is customarily carried out in 
blocking designs to prevent bias. 


Thus any features of the arrangement 
not detected by the design such as the 
test 
regions, the allocation of the speci- 


numbering or designation of 
mens to the regions, or the position of 


the specimens within the sample 


holder are randomized. 





Symmetrically Balanced Block 


Some balanced incomplete block 


designs have a property of symmetry 





experiments 


and test to be made 





Definitions and Essentials 


An in-pile screening experiment can usually be characterized by: 
@ Fixed parameters of the experimental complex (these are maintained as 
nearly constant as possible from experiment to experiment). 
®@ Experimental factors consisting of: 

a conditions_under the control of the experimenter, usually constant 
for agiven experiment, but intentionally changed from level to level between 


b) conditions imposed by the experimental tool or environment and over 
which the experimenter may have little control; such factors may unin- 
tentionally change between or even within experiments. 
® One or more observable (and usually measurable) responses of the system 
resulting from the sum-total effects of parameters and variables. 

The problem is to determine what particular combinations of levels for 
the intentional factors should define the total investigation. 
should minimize the influence of unintentional variables on the comparisons 
It should provide a “yardstick’’ with which to differ- 
entiate true effects from experimental errors. 


The design 
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OPTICAL 
STRAIN-MEASURING 
INSTRUMENT 





Tests 
of radioactive materials 
at reactor temperatures 


tensile properties 


This Optical Strain-Measuring Instru- 
ment was designed for nuclear reactor 
development work. It permits precise 
determination of the tensile properties 
of irradiated fuel and structural ma- 
terials at reactor temperatures. 


Gaertner Scientific Corporation, de- 
signers of the instrument, had this 
problem to overcome: extremely accu- 
rate measurement of elongation must 
be made even when the specimen itself 
is inaccessible due to radiation and 
temperatures up to 800° C. 


To solve the problem, Gaertner de- 
veloped a special mechanical-optical 
system to measure elongation of a 
specimen with direct reading to 50 
micro-inches. 


The optical system has a working 
distance of more than 24 inches, per- 
mitting the insertion of shielding be- 
tween the optical unit and the furnace 
... the light travels through six inches 
of lead-glass shielding and the quartz 
window of the furnace. This allows the 
operator to observe the specimen closely 
and yet be completely safe from 
radiation hazard. 


Wide range measurement is possible 
. .. the micrometer moves through 0.5 
inches for a one-inch specimen. This 
makes it possible to measure elonga- 
tion-to-failure of many irradiated fuels 
and structural materials. 


The Optical Strain-Measuring In- 
strument is one of many precision 
optical instruments designed and man- 
ufactured by Gaertner to measure di- 
mensional changes of specimens under 
various environmental conditions. 


Write for Bulletin 161 


| Gaert FRET? 1257 Wrightwood Ave. 


SCIENTIFIC CORPORATION Chicago 14, Illinois 
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Statistical Design 
This article starts on page 90 


that enables one to introduce an addi- 
tional factor into the design or remove 
an additional source of variation from 
the comparisons to be made. For ex- 
ample, taking the design of Table | 
for four alloy types blocked in sets of 
three over four test regions, we intro- 
duce in Table 2 an additional row 
which giyes one empty position in 
each test region. This design is bal- 
anced with respect to both rows and 
columns (test regions). Thus, if the 
relative flux gradient within a test 
region is approximately the same from 
region to region, this arrangement of 
the specimens within the regions re- 
moves this flux variation from the 
alloy comparison. The experiment is 
more discriminating than could be ex- 
pected if the specimens were randomly 
assigned positions within each test 
region. This design, sometimes called 
a Youden’s square, corresponds to a 
two-dimensional layer of “squares” 
of the Latin Cube in the first example 
if the missing letters are supplied in 
the rows. The statistical analysis (9) 
is very similar to that for the first 
example when an adjustment for 
missing values is made. 


RMF Comparison 


Another blocking-type example is 
provided by reactivity measurements 
against a “standard.” The Reactiv- 
ity Measurement Facility, a zero- 
power reactor located in the MTR 
Canal, is used to determine fuel and 
poison content of small samples in 
this way. A two-place sample holder 
allows alternate measurements on two 
different specimens as the holder is 


oscillated vertically in the center 


plane of the reactor. 

The experimental procedure famil- 
iar to most experimenters is to load, 
for a given group, the “standard” 
with each test sample in turn and in 
this manner generate data for the 
comparisons. To make the compari- 
sons, a number of runs are made 
with the sample in each of the two 
positions. The design for this in- 
vestigation consists of three replica- 
tions of the basic design in Table 3. 
A run is defined as a measurement on 
sample and standard each in a given 
position in the holder. A set con- 
sists of the two runs obtained by inter- 
changing the positions of the sample 
and standard in the holder. For 
three replications and four samples 
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| GCRE Screening Program 











An experimental design of the Youden Square type was developed for an 
experiment on fuel samples for the gas cooled reactor experiment conducted 
in the Materials Testing Reactor. This experiment sought to determine 
the effects of variation in fuel geometry, exposure and clad clearance on 
fission-gas release, stability and other fuel-element characteristics. Be- 
cause of test-space limitations and the complex nature of each single 
experiment the total number of experiments was severely limited. 

The basic design is given in the table. The entire set was twice replicated 
to provide more sensitive comparisons and a means for determining the 
experimental error. Although the blocking is in three sets of two with 
regard to rows (geometry) and columns (burnup) it is of the same family 
of designs as Table 2. The design assumes that the factors act independ- 
ently of one another and that all other variables intentional or unintentional 
are essentially constant over the course of the total experiment. The 
statistical analysis provides unbiased estimates of burnup, geometry and 
temperature effects as well as a means for testing the significance of each 





GCRE Experimental Design 


Experimental factors Constant facto 
Enrichment level Clad clearance 
Heat-transfer medium 
UO, density 


Experimental Values 


Total burnup 
Slug geometry 
Clad temperature 


Clad material 


Clad temperature (°F) at burnups (Mwd/tonne 


Slug geometry 3,000 6,000 13,000 
Solid 1,300° F 1,600° I 

Cored 1,600° I 1,300° F 
Cored with bushing 1,300° I 1,600° F 





This example is typical of the savings in total effort that can be anticipated 
through statistically designed programs. Suppose in this study the classi- 
cal “‘one-variable-at-a-time” approach had been used. Assuming, as for 
the statistically designed program, that the combined effects of the factors 
are negligible, we could in turn investigate the effects of a single factor by 
holding the other two factors constant at given levels and then conduct 
experiments over the levels of the third. For the factors and levels of 
factors for this example this procedure also results in six basic experiments 

or 12 altogether with replication). However, for the twelve statistically 
designed experiments the comparisons between the geometry types essenti- 
ally involve averages of four individual experiments, between burnup 
levels also averages of four, and between clad temperature averages of six 
To have equivalent precision with the ‘‘one-variable-at-a-time’’ approach 
would require four replications of those experiments directed toward burnup 
(of which there are three), four of those directed toward geometry (of which 
there are three) and six replications each of the two experiments directed 
toward estimating temperature effect. This would result in thirty-six 
individual experiments! Through a judicious choice of experiments this 
could be reduced to twenty-eight. Even so, the statistical program with its 
twelve experiments represents a better than two-fold reduction in effort 








B, C, D) plus a standard (S) a 


the precision associated with a com- 


total of 12 sets of 2 runs each would be 
required. 

Under this design the standard and 
& given specimen are compared by 
differencing the measurements ob- 
tained in each pertinent run and aver- 
aging over the 6 runs involving the 
given sample. Since the effects of 
sample-holder position are eliminated 


parison can be expressed in terms ol 
the experimental error of the measure- 
ments. This in turn is related to a 
statistic called the variance (10). 

If V is the variance of any given 
measurement for the design of Table 
3, the average difference between 
standard and sample over the three 


replicates has variance V/3. The 
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variance of the difference between 
samples appearing in different sets, 
for example A-B, is 2V/3 since to 
ompare A with B we must compare 
\ with S on its three sets to B with S 
on another three sets. 


Let us compare this procedure and | 


the resulting variances to that ob- 
tained by the incomplete block design 
of Table 4. This design would re- 
quire each specimen (including the 
tandard) to be run with every other 


specimen. The technique of inter- 
hanging positions within sets would | 
stil be required The order of sets 
ind runs within sets would be 


randomized 

Under this design (//) the variance 
of any comparison between two sam- 
ples (standard included) is 2V/5. 
But since this design requires only 40 
total observations and the Table 3 
design requires 48, on an equal sam- 
ple-size basis, we must multiply 21/5 
by 40/48 which gives exactly V/3 for 
this design also Hence both designs 
vive the same variance for a compari- 
on of a given specimen with its 
tandard However, for the compari- 
on between any two specimens the 


ariance under the design of Table 4 


s half th it ol | Live 3! This repre- | 
nts i onsiderable increase in 
nsitivit it no additional effort. 

Furthermore the design of Table 4 
ilitates the removal from the com- 

sons of any variation that might 
t between rut 


Fractional Factorial Design 


The Latin Cube design and the 
GCRE design are both special cases 
i very broad class of screening-type 


experimental designs called fractional 


factorial designs (12 The name is 
lerived from the fact that these de- 
igns actually consist of a fractional 


tion of experiments from the 


yvroup defined by all combinations of 

tor levels, the full factorial set. 

Wher ippli ible they represent a 
ierabdDl\ conomy ol effort 

In general, the reduced set for a 

rticular case is determined from the 


sumptions that can be made about 
significance ol the combined-fac- 
tor effects The experimenter’s 
nowledge and experience with regard 
to the phenomenon under investiga- 
tion plays a fundamental role in 
formulating appropriate designs of 
this type 

Although we will give an in-pile test 

olving five factors each at two 


the procedure is considerably 
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When your problem is 


NUCLEAR/SPACE 
MATERIALS: 
DESIGN, 

R&D, 
FABRICATION... 





| 





Se . 

Nuclear Power Plant Control Rod Guide and Fuel 
Shroud Assembly of Welded Zircaloy I. Rural 
Co-operative Power Association, Elk River, Minn. 
Produced for Allis-Chalmers Manufacturing Co. 
by Dresser Products, Inc.,Great Barrington, Mass. 


Advanced methods developed by Dresser Superior protective coatings and new 

Products, Inc., to handle advanced ma- alloys for nuclear and space needs are 
| terials. such as Zirconium, Hafnium, being created and tested. Most exotic 
| Beryllium. Tantalum. Molybdenum, and special materials may be more 

Columbium and Boron alloys. now per- severely and successfully formed by 
| mit wider uses and greater design free- Dresser Products’ methods than by any 
| dom regarding these materials others. 

Highly refined fabricating methods Serving industry at Dresser Products 
including atmosphere and vacuum con- is a complete and fully staffed metallur- 
trols, heat application. forming. welding gical and materials laboratory plus facil- 
and machining have been developed. ities for complete production fabricating 

| ; of components and assemblies of all 


sizes, from the smallest tubes to large 
complete structures. A complete testing 
and metrology laboratory assures posi- 
tive approach and control for highest 
quality. 

Our experienced staff stands ready to 





assist industry with any design problem 





where the newer nuclear/space ma- 
' 
Cross sectional view of shroud terials could provide an answer. 


When you have a problem that requires advanced handling of 
advanced materials, contact: 


INC. 


PRODUCTS 


Great Barrington, Massachusetts 


DRESSER 


| 





Research + Development + Processing 
of Nuclear /Space Materials 


For a copy of ‘Nuclear Space Materials,” a quarterly newsletter published in the interests of the 
nuciear /space industries, write: Dresser Products, Inc., Great Barrington, Massachusetts 


93 








for work in a Statistical Design This article starts on page ‘ 
controlled 
atmosphere TABLE 3—Comparison with Standard 





Sets ] 

Runs 1 1 ] - ] 
Position in holder Up S A S B Ss S > 

Down 1 5S BOS ( Ss ) Ss 





TABLE 4—Incomplete Block for Comparing Five Specimens 
BLICKMAN Rn 1212121212121 21212 1 


VACUUM DRY BOX =m © 


Ss 
in holder Down A 





ABBSC SDABAC AD BC BD CD 
Ss I 








Pe Ce DSBACA DA CBD EBD 
Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With more general with regard to levels and are comparabl We propose to ir- 
air-lock, it can be sealed to create factors (5, 13 In an n-factor two- radiate the sample specimens over 
a vacuum. Fabricated of stainless “aiae ae 
steel plate—34” long x 26” high x level-each-factor experiment all possi several different exposure levels and 
24” wide at base. Air-lock meas- ble combinations of factor-levels perform the statistical analysis on the 
ures 18” x 12”. Send for Techni- would result in 2" — 1 separate effects sum of squares of deviations of 
cal Bulletin A-2. being estimated. These would in- observed reactivity (as determined by 
clude not only those identified with the R.M.I from a corresponding 
each single factor, or main effects, but idealized = reactivit curve Ther 
also any combined factor effects, will be two levels for each of the 
or interactions, that might exist five factors a, b, ec, d and « \ 
Clearly two- and three-factor inter- particular experiment is convenientl 
actions could and in many cases do represented | 1 combination of 
exist and are of paramount impor- lOWer-Cast tters corresponding to 
tance. However, higher-order inter- the factors, the presence of the letter 
actions can often legitimately be indicating the second level for the 
ignored by the experimenter in com- factor, the absence of the letter 
parison with the main effects. The indicating the first level of the factor 
fractional replication design recog- The symbol 0 is used to denote 
nizes this and sacrifices estimates of factors at the first level. With this 
the higher order combined effects to notation the full factorial experiment 
obtain a reduction in the number of for this study can be neatly repre- 
individual experiments required to sented in Table 5 
FOR SAFE HANDLING OF obtain unbiased ee of the Fe- If combined effects involving ¢ re 
RADIOACTIVE MATERIALS maining factors. The information or more factors can reasonably be 
available about the system under assumed to be negligible, we can 
BLICKMAN FUME HOOD study, determines what combined reduce this set by a factor of two to 
Originally designed and devel- effects can be ignored and hence leads the set - 16 experime nte in Table 6 
oped for the AEC, this Fume to a particular fractional set. If all combined effect can ‘ 
Hood assures maximum safety in This technique can dramatically assumed negligible (i. only th 
the handling of radioactive ma- reduce the total number of experi- main effects of the individual factors 
terials and radioactive isotopes. ments, especially when the number of are of particular significance) a four- 
Sturdy 14-gauge stainless steel, factors is large fold reduction in the full factorial can 
round corner construction pro- . ’ 
vides long life...easy cleaning and As an example consider an experi- be effected. A particular set of 
decontamination. Send for Tech- ment directed toward screening fuel- eight « xperiments that would accom- 
nical Bulletin E-3. S. Blickman, element specimens in which type of plish the estimation of the unbiased 
Inc., 7902 Gregory Avenue, Wee- burnable poison, geometry of speci- effects of each of the five factors 
hawken, N. J. ; 
men, burnup rate, location of poison under this assumption is given in 
in element, i.e. cladding vs. core, and Table 7 
method of fabricating poison in ele- Thus we see that a priori informa- _o3 
ment are all to be investigated. We tion has a direct bearing on the total 
BLICKMAN want to choose for further develop- number of experiments required to 


LABORATORY EQUIPMENT ment the specimen type that results realize the objectives 


Bli m | in a fairly flat net reactivity curve Physical problems associated with 
Look for this symbol! of quality lickman-Built | , ; , | 
¢ ° providing that structural properties irranging specimens in the sample 
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Gitoxigenin, Gitoxin, Gliadin 
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DELTA CHEMICAL WORKS, Inc. 
23 West 60th St. New York 23, N. Y 
Telephone: Plaza 7-6317 





“That's nothing new. My husband 
read that three weeks 
NUCLEONICS WEEK.” 


ago in 


Make a date this week with... 


NUCLEONICS 
WEEK ew vor 30, NY 
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0 d ¢ de | 
n ad a ade | 
b bd be bde 
ab abd abe abde 
Cc ed ce cde 
ac acd ace acde 
” bed bee bede 
abe abed abee abede 

| TABLE 6—!s Replication 2° Factorial 
Set 

| 0 be ad abde 
de bd ae ab 

| ce be ac abce 
ed bede acde abed 
TABLE 7-—'!4 Replication 2° Factorial 
Set 
0 ace | 
de acd 
b« abe 
bede abd 


actual problem these 


| nuisance 
| mental complex. The 





holder within the test spaces have for 
the sake of simplicity been avoided 
in this example; however, in the 
must be rec- 
adjust- 


ognized and appropriate 


ments made in the design. This can 
certainly be done through the block- 
ing techniques of the previous ex- 
amples or by increasing the number 
of factors to include the so-called 
parameters of the experi- 
need for ap- 
statistical design becomes 


these 


propriate 


ven more apparent when 


factors are included. 
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Manco Special 
Hydraulic Devices 





for nuclear processes 


The unit illustrated is used in 
the salvage severance of obso- 
lete pipelines. In actual use the 
cutting head is suspended in 
the “hot” area and is operated 
by remote control. It is control- 
lable in a manipulator “wrist 
action” for positioning between 
manifolded pipe headers. In 
less than 10 seconds it will cut 
4” O.D. x .226 wall Inconel pipe 
at room temperature. Your in- 
quiry on units of this type or 
for the development of other 
special equipment involving 
high pressure hydraulics 
would be welcome. 


Write for Complete Information 





MFG. CO. 
BRADLEY, ILLINOIS 


95 








Gamma Facilities of the United States 


For a second time we bring up to 
date our listing of gamma facilities 
in the United States and Canada 
(NU, July ’58, p. 108; NU, July ’59, 
p. 88). The following table indicates 
new facilities installed and changes 
made since our last listing. Changes 
are in italics. Since no changes and 
no new facilities have been indicated 
in Canada, we feel that our three 
listings, taken together, constitute an 
accurate description of all facilities 


as a work cave and the other 


signed 


as an irradiation cave with storage 


well and conveyor. Both caves can 
eventually be used for irradiations as 
can a shielding canal that connects 
the two. The system is capable of 


putting to as much as 2-million 


use 


curies of Co 





but the initial loading 


will probably he about 500.000 
cures, 
* > * 
Viss Leida Blanco supplies the table 


from the 


NUCLEONICS card file, 


which 


intend to keep continuously up to date 





in the two countries today. 
no attempt to 
irradiators. 

What will be the largest an 


include n 


is 


elaborate irradiator in the U. 8. does 
not appear yet in the table. It is 
the High Intensity Radiation De- 
velopment Laboratory for which 
ground was recently broken at Brook- 
haven National Laboratory; a model 
appears in the figure. The eventual 


plant will have two caves, o 


There 


iedical 


1 most 


ne de- 





HIGH INTENSITY RADIATION DEVELOPMENT LABORATORY abuiiding at Brookhaven 
will have two elaborately equipped 25 « 25-ft caves, hold up to 2 K 10® curies of Co‘ 





Gammo-Facility Characteristics—Answers to a NUCLEONICS Questionnaire 


Facility 


New Listings 

Amherst College 

Bausch & Lomb Optical Co. 
Boeing Airplane Co. 

Columbia Southern Chem. Corp. 
Convair 


Dow Chemical Co. 
Pig Facility 
Cave Facility 
Pig Facility 
Cave Facility 

Duke University 

Emory Univ. 

Florida State Univ. 


Frankford Arsenal 

General Mills 

Georgia Institute of Tech. 
Goodyear Tire & Rubber Co 
Iowa State Univ. 

Lockheed Aircraft Corp. 
Mass. Institute of Technology 
Mellon Institute 


Monsanto Chemical Co. 


%6 


SERS = 
583 :§ 
S383 3: 
Location N - 
Amherst, Mass. 500 May '54 0.005 
tochester, N. ¥ 1,000 Nov. ’59 0.5 
Seattle, Wash 100 Oct. ’60 0.1 
Barberton, Ohio 1,100 Feb. ‘60 0.13 
Fort Worth, Texas 100¢e Cs Jan. ’59 0.1 
5.000 Jan. 758 3 
1,000 1955 0.3 
Midland, Mich 28.000 1956 0.5 
| Freeport, Texas 300 1955 0.06 
| , 1,200 1956 0.29 
Durham, N. ¢ 312 Feb. °59 0.11 
Atlanta, Ga 160 Mar. ’60 0.00015 
Tallahassee, Fla 250 Feb. 60 0.18 
120c Cs'37 Nov. ’60 0.04 
Philadelphia, Pa 3,000 Oct. 60 0.9 
Minneapolis, Minn. 2,338 Mar. 60 0.835 
Atlanta, Ga 12,000c Cs7 Jan. ’60 1.4 
Akron, Ohio 5 600 Jan. ’*60 0.27 
Ames, Iowa 508 1955 — 
Palo Alto, Calif. 1,000 Jun. ’59 2 
Cambridge, Mass. 26,000 Jan. ’61 0.5 
Delmont, Pa 150 Mar. ’60 0.06 
900 Mar. ’60 0.36 
Dayton, Ohi« 60 Sep. ‘60 1.5 


if 


$e 3835 €33 
2 Yes No No PR 

0.01 No No No CO 

2 Yes No Yes PCW 

0.1 No No No LR 

600 Yes No Yes PCWMB 
0.5 Yes No Yes PCR 
0.018 No No No PLR 
1760 No No No WMBLR 
0.026 No No No PL 

14 No No No PL 
~0.018 No No No PR 

t Yes No No 

0.037 Yes No No CLR 

N No No No 

0.10 No Yes Yes 

0.23 No No Yes P 

0.058 No Yes PCMB 
25 No No No PCWOLR 

— No No No — 

0.003 Yes No Yes PCWTMBLR 
2.6 Yes No No PCR 
U.Y1 No No No 

0 01 No No No 

0.07 No No No PLR 
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Gamma-Facility Characteristics—Answers to a NUCLEONICS Questionnaire (Continued) 














>. ¥ & 
= iS & . 9 = = ‘S J = > e 
Boh 25 #5 8 8232 Bie 
og :~ FE xs § BE £23 
se 2 aS Ss = 8 & & SS 
| 28S 35 sss 8 S$ 8S 
Fac Location 7. * a * ma? £ S&S BS” .~-- 
National Bureau of Standards Washington, D.C. ~1,000 Sep. ‘60 ~0.5 0.01 Yes No No P 
Naval Air Material Center Philadelphia, Pa 12,500 Jul. “60 1.0 0.13) No€No No PLR 
University of New Hampshire Durham, N. H. 148 Mar. '60 0.135 0.1 No No No OM 
Pennsylvania State Univ Quehanna, Pa 7,200 Apr. "60 l 0.8) Yes No Yes PCOM 
Pittsburgh Plate Glass Co Pittsburgh, Pa. 1,200 Mar. ’59 0.13 0.2 No No No — 
Purdue University Lafayette, Ind 860 Oct. "56 0.32 0.015 Yes No No PC 
Quantum, In Cheshire, Conn. 200 Aug. 55 0.057 0.007 Yes No No PCOR 
Shell Chemical Co Torrance, Calif 18,600 Aug. 59 8 0.66 No No No LR 
Union Carbide Chemicals Co South Charleston, 1,000 Jan. ‘60 0.1 l No No No PTLR 
W. Va 
Union Carbide Corp Parma, Ohio 
Lead-Shielded 2 OOO Jun. °57 [2 0.4 No No No LR 
Underwater 3,500 May ‘59 2.0 l No No No LR 
Orlando, Fla 180 Apr. '57 0.09 0.09 Yes No No PCM 
Sebring, Fla 1,800** Sep. '57 0.1 0.09 Yes No No PCM 
Tifton, Georgia 150 Aug. 57 0.1 0.09 Yes No No PCM 
-_ eee ye Honolulu, Hawaii 116 Jul. “57 0.09 0.09 Yes No No PCM 
“ New Orleans, La 1,000 Jun. °57 1.5 0.003 Yes No No PC 
Corvallis, Oregon 83 Mar. 58 0.03 0.006 Yes No No PC 
Brownsville, Texas 600 Sep. 57 0.1 0.09 Yes No No PCM 
Kerrville, Texas 600 Sep. 57 0.1 0.09 Yes No No PCM 
University of Tennesse¢ Memphis, Tenn 160 0.00054 — No No No 
University of Virginia Boyce, Va 200 Mar. 60 0.000128 tT Yes No No PC 
Univ. of Wisconsin Madison, Wis 800 Sep. °60 4 (5ml) No No No R 
Changed Listings 
\{tomics International Canoga Park, Calif. 4,000tt Vay ‘60 3 l No No Yes PCLR 
Battelle Memorial Inst Columbus, Ohio 2 000 Jan. *60 0.8 ~700 Yes No Yes PCOMLR 
Brookhaven National Lab Upton, New York ~30,000 1 l No No Yes PLR 
California Research Corp Richmond, Calif 140 Var. 60? 0.24 0.014 No No Yes PCL 
Cities Service R & D Co Cranbury, N. ¥ ? 500 Var. "60 0.14 No No No PCWML 
Columbia Uni New York, N. ¥ ? 500 Var. 60 ~1 0.14 No No No PCWML 
Univ. of Georgia Athens, Ga 145 Dec. °57 0.04 $§ No No No P 
Hanford Atomic Prod. Oper- 
ition, General Electric Co Richland, Wash Fuel elements 0.25 No Yes Yes PCL 
~5,100 Oct. °59 1.22 0.25 No Yes Yes PCL 
~18,000 Oct. ’59 4.2 0.25 No Yes Yes PCL 
University of Louis ‘ Louisville, Ky 
Source A 727 Feb. '59 0.867 0.004 Yes No No PCR 
Source B 777 Feb. '59 0.480 0.004 Yes No No PCR 
Che Martin Co Baltimore, Md { : pt Sep. ‘60 0.3 ¢ Yes No Yes PCMBL 
University of Michigar 
Phoenix Laboratory Ann Arbor, Mich {000 Var.'60 0.72 20 Yes No No PCWTMLR 
Naval Air Material Center Philadelphia, Pa 1,800 ipr. 59 0.5 ~0.06 No No No P 
Radiation Applications, In L. I. City, N. ¥ 1,000 Jan. "60 0.30 6.75 Yes No Yes PCLR 
Rensselaer Polytechnic Inst Trov, N. ¥ ~#00 Sep. °60 0.2 0.25 Yes No No PCWMLR 
Sinclair Research Laboratories Harvey, II 17,000 ipr. 59 I I No No No PWMBL 
Socony-Mobil Oil ¢ Dallas, Texas 15 Aug. ‘56 0.008 No No No PM 
Soconv Mobil Oil Co Pennington, N. J 8,000*** \pr. '60 2 No No No PWMLR 
Stanford Research Institute Menlo Park, Calif 2? 000 Jan. °60 0.6 ! Yes No Yes PCMBLR 
Texaco Inc.1 Beacon, N. »? B00 Jui 60 l No No No PWML 
Union College Schenectady, N. ¥ 1,120 May ‘58 0.6 0.02 Yes No No PCLR 
*p personne to conduct experiments, C = contract re- ** 3 units, 600c each. 
search W viewing window, T = closed-circuit television, tt Fenced area 150 X 200 ft. 
O = other viewing equipment, M = manipulators, B = con- tt Gamma facilities provided by the Atomic Energy Commission. 
veyor, L liquid-flow equipment, R = refrigeration equipment. $§ Maximum dose occurs in 1.5-in.-diameter, 6-in.-long stainless 
t+ Rods can be placed in any convenient form steel cylinders with Co® in periphery. 
t This is an outdoor field, diameter 50 ft. {4 Variable in pool. 
§ Source is in shuttered cask. Samples may be of any size || Formerly listed under ‘“‘ Magnolia Petroleum Co.” 
€ Available to govt. contractors by special arrangement *** Facility is designed to handle fuel elements which will be 
Limited only by irradiation container; source configuration is obtained for later experimentation. 
flexible; pool size is 8 * 10 ft ttt Formerly listed under “The Texas Company.” 
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Gamme-lrradiation Facilities in Japan 


By AKIBUMI DANNO 


Japan Atomic Energy Research 


Facilities for studying radiation 
chemistry in Japan have increased in 
number remarkably during the past 
five years. With increasing research 
in this field, 
sources and electron accelerators hav 
become familiar. About 30 irradia- 
tion facilities currently in use by 
universities, research and industrial 


intense gamma-ray 


establishments in Japan contain more 
than 1,000 curies of Co® each. For 
radiation sources Co® is most used, 
although separated fission products 
such as Cs!*’ are chosen in a few cases. 
All of these radionuclides are imported 
from foreign countries. The figure 
gives the location of the irradiation 
facilities in our country and the table 
Most of these 
facilities are crowded in and around 
the big cities of Tokyo and Osaka. 
Of the facilities listed in the table 
28 indicate that they are available for 
public use, and 20 say that they are 
not. Facilities not publicly available 
are generally used by the owner com- 
panies. 


describes each one. 


The remaining 22 facilities 
indicate that special permission is re- 
quired for their use. 

The facility at the Japan Atorni 
Energy Research Institute has the 
10,000 curies of Co®° 
This facility was designed in Japan 


largest source 


Institute, 


Tokai-n “ura 


and completed in August, 1958. 
Shapes of radiation sources ar 
divided into three types: point, line 
Several kinds of ir- 
radiation equipment can be divided 


ind ey linder 


into three systems: container, cave 
and semi-cave systems. In the con- 
tainer system the irradiation is car- 
ried out in the cavity of a radioactive 
enclosure, and in the cave system the 
radiation source is brought up from 
a storage pit, and the irradiation is 
carried out in the whole space inside 
the cave The intermediate system 


Vaka-qun, l[baraki-ke n Japan 


is called ‘‘semi-cave”’ for convenience 

No attempt has been made to in- 
clude medical installations and par- 
The latter 


radiation- 


ticle-irradiation facilities 
are located at many 
chemistry laboratories in Japan and 
usually are used in parallel with 


gamma facilities 


* * * 


The author wishes to express his sincere 
thanks to the Japan Atomic Industrial 
Forum Inc., for permission to cite the 
sults of an Investigation conducted w 
959 and 


ation Chemistry of the Forum 


1960 by the Committee on Radi- 


























Gamma Irradiation Facilities in Japan 





ig | 3 
<2 t 
Facility Location 20 % 
sot 
the 
Asahi Chemical Industry Co., Ltd Itabashi, Toky 175 Aug. '58/0.3 
Fermentation Research Inst Inage, Chiba 100 Aug. ‘58 0 O04 
100 Mar. ‘60 
Government Forest Experiment Station |Megur Tok S80 Mar. 59 0.05 
Governmental Industrial Research Kita-ku, Nagoya 485 Apr. '57 | 0.07 


Inst., Nagoya 


Governmental Industrial Research Me 


Inst., Tokyo 


Hitachi Ltd., Central Laboratory 


_ 
r. 
~~ 
vr 


$866 Aug 58 ' 0.52 


ruro, Tokyo 332 May ‘57 0.05 


2,000 June ‘59 0.25 
217 Mar. '60 

June ‘58 1.0 
50 July ‘56 0.01 


Ind’! Rsch. Inst., Kanagawa Prefecture Kanagawa, Yokohama 1,570 June '58 0.52 

Industrial Research Inst., Osaka Nishi-ku, Osaka 360 Sep. '57 0.16 
Prefecture 

Institute of Physical and Chemical Bunkyo, Tokyw 1,250 Aug. '58 U.44 


Research 270 June '58 0.5 
Japan Association for Radiation Bunkyo, Tokvo 1.200 Mar. '58 0.34 
Research on Poly mers Nevagawa,. Osak 156 Oct 57 ' 0.7 
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60 280 Ca Yes No PWVR 
74 170| Ca) Yes No! PCWTO,VR 
1S 200 
100 300 Ca Ye Yes PCWO,V 
{0 PAO 
Ca No No} PCWTMVR 


Ca’ Yes No| PCWMO,R 
40 150 Cn) Yes’ No PO,g, 


80 180 Ca Yes’ Yes PCWVK 


85 170 Se! Yes! Yes! PCR 
Cai No'| Yes' PCO,,.VR 
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Gamma Irradiation Facilities in Japan (Continued) 








: : f| 
Facility Location = .. 5 < -. . = 
iS SsE& is] 8/48 3s 
ca ~ ~@ 2 e-e 
~ Ses E/] » | -3 tod 
: ssf j/e/ 3] 2% 
7 & 3 y~ a = Py hes —— 
" \ Energy Research Inst Tokai, Ibaraki 11,230 Dec. '57 | 2.20 C 100 250 Ca! Yes) No| PCWO,MBLVR 
500 Mar. '58 | 0.10 L 
kK l Dey « education Kohoku, Yokohama 46 Aug. ‘58 P Ch No | No P 
Kvoto | Inst. Chemical Research Takatsuki, Osaka 200 Feb. ‘57 | 0.07 I Cn) Yes! Yes! PVR 
Inst. Textile Chemistry Sakyo-ku, Kyoto 2,400 June "58 0.24 C 100 250 Ca) Yes; Yes! PO,,R 
KK wa Fe entation Industry Co., Ltd. ‘Shibuya, Tokyo 100 July ‘57 0 01 L Cal No | No| PV 
72 Aug. *58 
Kyushu Univ., Faculty of Agriculture Hakozaki, Fukuoka 3,000 Oct. '60'1.0 C 80 100 Ca Yes Yes) PCO 
Kurashiki Rayon Co., Ltd Kurashiki, Okayama 330 Dee. '56) 0.07 Cc Cn} No | No} PO,R 
Mitsubishi Rayon Co., Ltd., Research Otake, Hiroshima 50 Aug. °57 | 0.03 P Ca No| No’| PO,VR 
Inst 500 May ‘60 Cc 
Mivazaki | . Miyazaki, Miyazaki 150 Aug. ‘60 P Se | Yes Yes PO,, 
Matsushita Ele Ind. Co., Ltd Kitakawachi, Osaka 100 Mar. '60 P Se' No No PCO 
National Hygienic Laborator Setagaya, Tokyo 170 Oct. '58 | 0. 0002§ P Ca! Yes Yes) PO, VR 
National Inst. Ar il Health Kitatama, Tokyo 130 Mar. '58 | 0.02 P Ca| Yes| No: PWVR 
Nat Inst. Ag iltural Science Hiratsuka, Kanagawa 105 June '57/| 0.005 P Ca No| No! PWVR 
41 June ‘58 
National | f Genetics, Japan Mishima, Shizuoka 50 May °56) 0.002 P Ca! No| No| PWVR 
Cs'*7200 Dec. '59 | 0.06 P 
National Inst. Radiological Science Chiba, Chiba 3,000 Mar. ‘60 it Ca! No | Yes) PCWVR 
Nihon Rayon ¢ Ltd Uzi, Kyto 315 Oct. ‘60 te 
Nipp At e Industry Group Co., Ltd. Kawasaki, Kanagawa 3,000 Nov. ‘60 ( Ca| No | No} PCWTY 
Nipy Peleg ind Telephone Public Tokai, Ibaraki 4,000 Sep. '60/1.0 I Ca No | Yes) PCMBRVL 
( 3,000 Sep. ‘60 L 
Nitsuto Inst. ¢ fesearcl Urawa, Saitama 1,000 Mar. 600.1 C 100 250 Cal No | No} PCWO,R 
Osaka Citv U1 Kita-ku, Osaka 220 June ‘60 ( | 
Osaka | trial Research Inst Oyodo, Osaka 0 Dec nie P Cn| Yes! No PC 
5 Mar. ‘57 
Osaka Mu pal Te Research Inst Kita-ku, Osaka 600 Oct. '57 0.40 C 75 200 Ca} Yes No! PCO,,V 
Osaka | Facult f L/ngineering Toshima, Osaka 100 Mar. '57 0.30 P Cn) Yes Yes! PR 
Radiat Laborator Sakai, Osaka 3,000 May ‘58 0.60 C 64 280) Ca! Yes Yes PCWO,M BLR 
174 280 
1,000 June 590.2 C 119 240 
1,000 Mar. 600.12 I 
1,000 June ‘60 L 
( rator Osaka Sakai, Osaka $800 Mar. "60 ( Ca! Yes No PCWMR 
1,000 Mar. '60 
~ , Ix ent Statio Suginami, Tokyo 120 May '58/ 0.1 P Ca' Yes Yes PWVR 
<3 oka | Shizuoka, Shizuoka 1,000 May °60 Cc Ca) Yes Yes PCOVR 
tinern 1 t ( il Industry Ltd Ota, Tokvo 255 July ‘58/01 ( Ca} No No| PCOV 
410 Nov. '59/ 0.2 I 
Su \ ! g I lustries Ltd. Takarazuka, Osaka 2,000 Aug 59 0.6 ( Ca No' No PCOVR 
I kok | ( Ltd Kitatama, Tokyo | 1,000 Aug 600.2 @ Ca| No No PCWVR 
I | Kanagawa, Yokohama 50 Sep. '57/ 0.0008 | P Ca) Yes Yes PCO,VR 
100 Mar. 60/0. 04 ( 50 200 
Poh ey Research Lat Chuo, Tokyo 100 Jan. ‘58! 0.07 P Ca} Yes, Yes) PO,,\ 
| Setagava, Tokyo 140 Jar 58 0.05 P Cn) No | Yes PV 
Tok I I re Meguro, Tokyo 280 Oct 97 0.40 P Cn| Yes Yes!) PCR 
Dok NI Isotope Center Setagava, Tokyo 1.060 Aug. 5910.50 e Ca! Yes Yes PCW TMO,R 
Tok Ml I Setagava, Tokyo 50 July ‘560.04 P Se | Yes Yes PO,\ 
50 July °57/ 0.01 P 
50 July °59 
lok ~ Co., Ltd Kawasaki, Kanagawa 100 June ‘57 | 0.05 l Ca! Yes: Yes PCWTM\ 
M | Laborato 1,300 Aug. ‘58 | 0.45 ( 
Tok Engineering Facult, Bunkvo, Tokyo 1.200 Oct 5710.40 C 92 150 Ca\ No’ Yes PCO,VRL 
Agriculture and Koganei, Tokyo 27 Aug. 56 0.0003§ P Cai No | No POR 
| 25 July ‘58 
Pol [ | ‘ Minato, Tokyo 1,000 Mar. '58 0.24 C 80 100 Ca Yes Yes PO,,\ 
| ke N Shikeny Tovama, Tovama 100) July 58 0.001 P Ca! Yes Yes PWV 
| ( td fesearch Dept Otsu, Shiga 100 Jan. °'57/0.10 P Ca No No’ PWO,VR 
280 July ‘59 0.12 Cc 
I ~ ( Ltd., Cher il Moriguchi, Osaka 100 Jan. ‘57 0.01 P Ca No No PCO,VRL 
Research Inst. for Textil 1,000 Jar ‘59 0.20 Cc 
I e, evilinder viewing equipment, (Op) is periscope, O», is mirror), M = manip- 
+ ¢ tn - & cave, Se Se TNI-CAVe intertnediate be- ulators, B = conveyers, L = liquid-flow equipment, V = ven 
5 ‘ ave tilation, R refrigeration equipment. 
$P nnel t onduct experiments, C = contract research S At 1 meter 
“i ewing ¥ low, 7 closed-circuit television, O = other 
Vol. 19, No. 2 - February, 1961 99 








SCINTILLATION 
PHOSPHORS 


Alphanaphthylphenyloxazole, ANPO: A 
Band-Shifter or Secondary Solute, for Liquid 
Counting—Fluorescence Max. 4050 A 
Diphenyloxazole, DPO or PPO: A Primary 
Solute, for Liquid Counting—Fluorescence 
Max. 3800 A 


POPOP: A Band-Shifter or Secondary So- 


lute, for Liquid Counting—Fluorescence 
Max. 4200 A 

p-Terphenyl: Least Expensive Primary So- 
lute, for Liquid and Plastic Counting— 


Fluorescence Max. 3460 A 








Tetr ph nylb di . TPB: For use with 
p-Terphenyl in Plastic Scintillators 
Fluorescence Max. 4320 A 

Cad Trop te, anhydrous: A Highly 
Efficient Neutron Captor—Cadmium Con- 
tent: 43.5% 


Available from stock—write to Dept. ‘'K"’ 
for free booklet on these products. 





Sales Agents in N.Y.C., Chicago, San Fran 
cisco, Basle, Mexico City, Rotterdam, Milan 
London, Copenhagen, Seine, and Sidney 


ARAPAHOE CHEMICALS, INC. 


DER OLORADO 
PRODUCERS OF FINE ORGANIC CHEMICALS 








TYPICAL GAMMA RAY SPECTRUM 
inal DETECTOR: I¥e DIA x 1 LG Nal (TL) 


PHOTOMULT TUBE. DUMONT 6292 on 
$' 
RESOLUTION. Cs PEAK: 7% 


COUNTS PER MINUTE 


BASE — LINE VOLTAGE 
10 x 15 20 a 
x 


—_——— " 














RESOLUTION = 55% «100 = Rim) 











Radionuclides Measure Nose- 
Cone Wear in Flight 


By c & RATHBUN, Cook Research Laboratories Chicago, Illinois 


Missile 
they re-enter the earth’s atmosphere. 
method that 
radionuclides to measure this 
ablation. As Fig. 1, 
we determine the material remaining 


hose cones wear “Way as 
We have developed a 


uses 


illustrated in 


by measuring the counting rate from 
radionuclides painted down the side 
of a plug made of nose-cone material 
To count 
this activity we use miniature instru- 


inserted in the cone itself. 


mentation inside the nose cone: a 
scintillation probe, a counting-rate 
meter and a power supply that is 


transistorized. 

Our experiments have shown that 
the wear rate of the nuclide is truly 
representative of nose-cone wear 
since the meter measures the ablation 


rate only at the location of the thin, 


Nose cone 













To data 4 
handling ! \ 





oe Plug with 
— radioactive strip 
Ablation material 


FIG. 1. 
with atmosphere is determined with help of 


NOSE-CONE ablation on contact 


radioactive strip. Counting rate deter- 
mined by probe and counting-rate meter 
tells remaining thickness of cone material 


narrow strip and interfering processes 
such as diffusion do not have time to 


become important 


Using Radioactivity 
In ground tests Na** served as the 


test the 
missile flights, 


radionuclide to ablation 
meter. In 
we use Co‘ 
half-life. The 


clide in any experiment varies because 


however, 
because ot its longer 
amount of radionu- 
each experiment requires a different 


geometry. In general, the  radio- 
active material varies between a few 
tenths of a millicurie and 1-2 
painted in a strip a few millimeters 


wide down the side of the cylindrical 


mec, 





Withstanding Missile 
Flight 


The brutal stresses that missile 
components are subjected to 
could harm our instrument sys- 
tem. To make sure that the in- 
struments can withstand the 
shock and vibration, we check 
their performance before and 
after running them through the 
following tests: 





®5-55 cps, 0.065 in. double- 
| amplitude vibrations on two axes 
| for 15 min 


e 55-2,000 cps, 10-g vibrations 
on two axes for 15 min each 

® 30-g, 11-millisec shock 

®50-g, 30-sec continuous ac- 
celeration 





To make sure that the radio- 
distributed 
along the strip, we check it by care- 
with a scintillation counter 
fit the plug into a hole in 


plug 
activity is uniformly 
ful assay 
before we 
the nose cone 

Inside the nose cone a scintillation 
probe placed fairly close to the plug 
measures the radioactivity that comes 
irom it 

The relationship between counting 
rate and remaining nose-cone thick 
hess varies Irom experiment to ex- 
different 


geometries required in each experi- 


periment because of the 
ment. To get the relationship we 
placed small disks coated on the edges 
for 2-3 mm with radioactive material 


in the holes where the test plugs would 


eventually be inserted. We then 
removed these one by one and re 
corded the counting rates as the 


thickness was reduced; this gave us 


calibration curves for each experi- 
ment (Fig. 2) 

The 500 
10,000 cps, far above background at 
flights, 


include a second probe and counting- 


counting-rate range 1s 


however, we 


sea level. In 


rate meter in the missile to measure 
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cosmic-radiation background and 
internal effects counts serve 
as a correction factor for the ablation 


can subtract the 


These 


measurements; we 
osmic ray count from the meter 
count to obtain a difference that is 


truly representative of the radioactiv- 


ity remaining in the plug. 


Instrumentation 
The probe that counts radioac- 
tivity contained in the strip is in 


turn connected by a_ high-voltage 


signal cable to a counting-rate meter 


mounted some distance behind the 
probe Transistor power supplies 
give the required potential. Since 
the instrument system must with- 
stand the vibrations and shock of 
space flight it must undergo the sur- 
vival tests that are outlined in the 
box on page LOO 

Scintillation probe includes a 
Nal(Tl) crystal and a DuMont 


6407 photomultiplier. An emitter- 


follower stage built into the base of 
the probe, couples the output im- 
pedanet of the phototube to the 


amplifier input (Fig. 3 


Counting-ratemeter. Input pulses 


from the scintillation probe travel 

to an amplifier and driver unit to 

trigger a blocking oscillator (Fig. 4). 

Inj nplitudes of 0.01-50 volts 

a | 
4 60 80 


% total thickness) 


FIG. 2. CALIBRATION CURVE for abla- 
tion meter is obtained with stack of radio- 
active disks that simulate plug. Gamma 
absorption is nearly linear in thin sections; 
in thick sections this is not true 





. 


SCINTILLATION PROBE views 


FIG. 3. 
plug with radioactive strip and sends sig- 
nals to counting-rate meter 
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FIG. 4. COUNTING-RATE METER uses 
subminiature vacuum tubes in measuring 
signals from scintillator 


give an output signal that is ampli- 


tude limited and differentiated so 
that it comes to the plate of the 
blocking oscillator as a moderately 
fast pulse with an amplitude of 


This signal is sufficient to 
trigger the blocking oscillator. The 
blocking oscillator output passes to 


~5 volts. 


an amplifier for squaring and aplitude | 


limiting and then through a cathode 
follower to drive the low-impedance, 
circuit. The 
integrating circuit has constants such 
that 10,000 cps gives a 5-volt d-c out- 


capacitive integrating 


put. For easy adjustment, the volt- 
age appears across a potentiometer 
that selects reference values within 
the instrument range. Thus one 
can compensate for slight inaccuracies 
inherent in the preparation of the 
radioactive strip painted down the 
side of the plug. 


Power supplies are transistor- 
regulated d-c to d-c units that furnish 
150 volts d-c for the counting-rate 
1,500 volts d-c for the 
photomultiplier in the probe circuit. 
The 


at a nominal 28 volt d-c. 


meter and 


Designed 
to operate 26-30-volt 
the unit tests safely from 24 to 


properly with 
input, 
32 volts. 


* * * 


The generous and loyal support of 
Mr. C. R. Memhardt, Dr. J. A Bjorkland, 
and the engineering staff of the Cook Re- 
search Laboratories is gratefully acknouwl- 
edged. This work was supported by the 
Army Ballistic Missile Agency, Redstone 
Arsenal, Huntsville, Alabama, under Con- 
tract No. DA-01-021-ORD-497 4. 


total input current is 1.5 amp | 
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MODERN MATHEMATICS 
FOR THE ENGINEER 


Just Out—Volume Two. 16 noted author- 
ities give you practical guidance in modern 
mathematical techniques and their applica- 
tions to problems in science and engineer- 
ing. Covers operators in Hilbert space, 
asymptotic approximations, random-walk 
uestions, queuing problems, information 
deave. control processes, linear program- 
ming, Monte Carlo and matrix methods, and 
muc more. Edited by Edwin F. Becken- 
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the ion microscope, and the experimental 
proof for the existence of the neutrino. By 
Otto Oldenberg, Air Force Research Div. 
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heat conduction, diffusion, and the wave 
potential of quantum mechanics. By Rich- 


ard Moore, Univ. lew Mexico. 
360 pp., 140 illus., $11.00 

REACTOR ANALYSIS 
Just Out. A complete development of the 


mathematical models useful in analyzing the 


nuclear behavior of neutron chain reactors. 
Covers recent work on resonance absorption 
theory and experiments including both the 
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infinite absorber approximations applied to 
Doppler "= Contains detailed figures 
oo graphs, tabulations of current values of 


important nuclear data, and ao les of ac- 
tual reactor calculations. obert V. 
Meghreblian and David K. | Mn both of 
Oak Ridge National. Laboratory. 832 pp., 
202 illus., $19.50 
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MODEL 111 DUAL PURPOSE 
SYNCHRO-MOTOR TIMER 


Times to either set interval (.01 to 
90 minutes) or set count (.01 to 100 
minutes). Accuracy is plus or minus 
0.001 minute. 


Easily and accurately set and read 
—minutes and decimals. 


Start, stop and reset electrically 
controlled. Automatic reset. 


Elapsed time continuously indicated. 





MODEL 2-D 
SYNCHRO-MOTOR TIMER 


Times and integrates to pre-set time 
1 second to 60 minutes. Accuracy is 
plus or minus 0.1 second. 

Easily and accurately set and read— 
continuously indicates elapsed time. 
Turns on manually—off electrically. 
Manually reset. 


White FOR INFORMATION! 


LIEBEL-FLARSHEIM COMPANY 


DIVISION OF RITTER COMPANY INC. 


CINCINNATI 15, OHIO 
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Radiation Biology 

Edited by J. H. MARTIN (Academic Press Inc., 
New York, N. Y., 1959, $11.00, xi + 304 pages) 

Reviewed by Raymonp E. ZirkKie, Com- 
mittee on Biophysics, University of Chicago, 
Chicago, Ill 

This book gives the Proceedings of 
the Second Australasian Conference 
on Radiation Biology held in Mel- 
bourne during December 1958. It 
contains a foreword by Sir F. Mac- 
Farlane Burnet and 29 technical 
contributions averaging about ten 
pages each. Several of these are 
didactic, e.g., the lead-off article, 

Radiation Dose 
Mi roscoplt and Sub- Microscopic As- 


Macroscopic 


pects” (L. H. Gray), and one on 
‘Imperfections Induced in Solids by 
Fast-Particle Irradiation” eo Se: 
Klemens). On the other hand, most 
f the contributions are essentially 
reports of the individual researches 
of the authors 
book is primarily for the advanced 


Accordingly, the 


worker in radiation research. 
Although a fair fraction of the 
papers deal with basic aspects of 
radiation actions on various biological 
and inanimate systems, many are 
frankly oriented toward practical as- 
Thus, there 


are two papers on detection and 


pects of radiation injury 


measurement of radioactive fallout, 
two on distribution and metabolism 
of fission products, and one on radi- 
ation-induced leukemia. There are 
also several contributions aimed at 
development of methods for treating 
radiation injury through studies on 
experimental animals. 

The more basic studies present a 
three 


papers on radiation chemistry, two 


wide spectrum. There ar 
on radiation physics, two on embryo- 
logical effects, four on the influence of 
oxygen and other factors on radio- 
The final 
paper is a thought-provoking one by 
Radiobiological Mech- 


anisms at the Cellular Level: Lines of 


biological sensitivity, etc. 
Gray entitled ‘ 


investigation which have been opened 
up by recent technical developments.” 

The papers, in general, are clearly 
written, show signs of careful editing, 
and are enhanced in interest by the 
discussion printed after each. The 
four contributed by Gray and the four 
by J. F 


standards that have become so famil- 


Loutit maintain the high 


iar to their contemporaries in radi- 
ation research. The book is attrac- 
tively designed and contains a subject 





ACCURATE TIMING “UcteEAR BooKSHELF 


index. It should be available to all 
professional and pre-professional in- 


vestigators of radiation effects 


Who's Who in Atoms 


Edited by A. W. HASLETT (Vallancey Press, 
London, England, 1960, $35.28, 983 pages) 

The first edition of this book, pub 
lished in 1959, provided us with an 
extremely useful reference guide of 
participants in the nuclear field 
Now this work has been enlarged by 
1,000 additional names and published 
in a second edition that has grown so 
in size over the first that it comprises 
two volumes. It contains over 12,500 
listings of nuclear scientists and engi- 
neers from more than 70 countries 


In addition, t 


over 500 cross-re! 


erences 
The information listed for eacl 
person follows the same lorm as in the 
first edition. One learns about the 


f 


education of th 


J 
, 
f 


lished books ina papers the Sut ieties 
to which he belongs, and his address 
In addition, a new section “nuclear 


interests”’ has been added his new 
lition is an indispensible, quick and 
oncise reference guide to workers and 


those interested in the nuclear field 


Electronics and Nucleonics 
Dictionary 


By NELSON M. COOKE and JOHN MARKUS 
(McGraw-Hill Book Co., Inc., New York, 1960, 
$12.00, 543 pages) 


With definitions of over 13,000 
terms, this dictionary fills a useft 
need in the electronics field. But the 
nucieonics words, whl h seem ing 
to have come from ASME’s “ Glossar 
of Terms in Nuclear Science and 
Technology,” do not include such 
terms (sought at random) as burnable 


poison, containment, glove box meat 
Nak, NELIA, radiolvtic, Zircaloy, o1 
pressure suppressio! Or 60 nuclear 
words tor which tl reviewer sought 


definitions, he found onl 


Illustrative of the electronics orienta 
tion of this dictionary is the fact that 
the word poiso! is defined as a 


contaminating substance that impairs 


the efficiency of a material. It may 
reduce phosphorescence in a lumi 
nescent material, reduce €mission oO! a 
cathode surface, or reduce the rea 


tivity of a nuclear reactor by absorb 
ing electrons unproductive ; 
Thus, while the book appears com 
plete in its definitions of electroni 
} 


terms, and it will be useful to people 
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nuclear imstrumentation work, it is 


not nearl is “wdequate [for the nucle- 
An up-to-date 


has vet to be 


onics field and com- 


plete nuclear glossar 
published.— sp 


Books Received 


International Dictionary of Applied 
Mathematics (ID. Van Nostrand Co., 
it Princeton, N. J 1960, $25.00, 


173 pages Ph 


terms and discusses the 


lictionary defines 
mathematical 
fields of physical 
gineering —including 


the nuclear fields An 


iit tionary 


important 
is the 
ndex at the back of 

alphabetical 
erman, Russian 
1 Spanish equivalents of the words 
ind terms that are discussed in the 
book should prove 
iseful reference book for 


entist or layman 


Also of Note 


Radioisotope Teletherapy Equip- 
Internationa 


tains “ heations 


ment Directory) con- 


features and 
17 teletherapy units avail- 
inufacturers throughout 
he directory represents 
tep in providing 
tec] formation on radioiso- 
tope Previou , they have pub- 
nternational directors ol 
121 pages, 1959, Jn- 
Inc., 801 


] d Ave Ve York 22,N.Y. 


Use of Radioisotopes and Supervolt- 
age Radiation in Radioteletherapy 


t re mmendations 


opt tudy group under the 

[AKA WHO for use of radio 

! treatment Th 

I t clude, among 

tions of radia- 

ersonnel; protec- 

nternational co- 

rCog distribution 

nine ispects ol 

nt: and a list of 

+t g t future research 

Inte t Pul tions. Inc.. 801 
Third Ave Ve York 22, N. } 


Hydrided Yttrium 


Properties of 


APEX-558 LD). S. Parker, reports 
physica 1 mechanical properties 
for 4.8 and 5.4 « 10” hydrogen 
itoms letermined in a GE- 
ANPD rogran 23 pages, S50¢.| 
Office of Technica Services. vy. &. 

Washington 25, 
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Monitoring Systems 


DESIGNED, BUILT AND BACKED BY TNMC) INDIANAPOLIS. INDIANA 





What is your radiation monitoring problem? Airborne particulates ... gaseous or liquid 
radiation . . . or gamma area radiation ? NMC equipment can monitor any one or all with 
individual units or complete systems. The system shown here presents data at each 


| station and on a control room follow meter panel. It warns of caution and alarm levels; 


can even operate emergency controls. 








AM-33R 
Air Monitor 
$6,580" 


Other Models 
from $2,480* 








Fiuid Monitoring 
Systems from 
$3,580* 


. 





Panel Size 





Four GA-2 Gamma Alarm Units 
$595* Each e Size: 12” x 15” x 8%” 


AIR MONITORS 

NMC air monitors offer many exclusive advantages. For 
example, Model AM-33R shown here detects and identifies 
long half-life emitters directly, almost immediately, with one 
detector. Other monitors require five hours or more for 
identification, due to the natural radon progeny. The four 
NMC models are... 


MODEL CHANNELS FILTERS ACTIVITY DETECTED 

AM-2A 1 Fixed a, By or y 

ANM-3A 1 Moving a, By ory 

AM-22R 3 Fixed a and By Shows ratio of By a 
AM-33R 3 Moving a and By Shows ratio of By a 


FLUID MONITORS 


The NMC fluid monitoring system detects radioactivity in 
gas or water at MAC levels. Used with an NMC air monitor, 
it measures activity of the gaseous component of the dis- 
charge from the air monitor. Contamination and a separate 
pumping system are eliminated by employing the air pump- 
ing system and filter mechanism of the air monitor. The 
fluid system includes the FMS-1 shield with 30 liter sampling 
chamber, and two detectors—GM or Nal scintillation—oper- 
ating in parallel; the LCRM-2M logarithmic count ratemeter 
with built-in bell and alarm lights; and portable EA graphic 
recorder. 


FOLLOW METER PANELS 


Each monitoring station can be connected to a follow meter 
panel in the central control room with inexpensive un- 
shielded standard electric code wiring. There's a meter for 
each station to show the radioactivity being detected, and 
lights to indicate caution and alarm levels. The bell sounds 
for an alarm condition at any station. Multipoint recorders 
and remote emergency controls may be connected to the 
panel. 


AREA MONITORS 


Each of the four GA-2 units shown here is a complete 
monitoring station that indicates and reports unusual or 
excessive gamma radiation. It mounts on the wall and wires 
to any 110-volt circuit, eliminating the central power supply 
required by other systems. Each GA-2 has an amber and 
red light, bell, indicating meter, and complete alarm system. 
Units readily adapt to a complete system. They connect to 
follow meters and graphic recorders; are interchangeable 
without the usual installation matching and calibration. 
They are not sensitive to temperature, line voltage changes 
or external electro-magnetic radiation. The amber light is 
also a fail-save device, signaling component failure. An 
auxiliary power supply for each GA-2 is available. 


*All Prices fob, Indianapolis + For full details, write, wire or phone collect—LIBERTY 6-2415 


Nuclear Measurements Corp. 


2460 N. Arlington Avenue + Indianapolis 18, Indiana 


al Office 


13 E. 40th Stre et 


New York 16, N.Y 
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Neutron Activator Produces 10° neutrons ‘sec 


RCL Model 70001 Neutron Activator uses the d-t reaction to generate 14.3 
Mev neutrons. Principal parts of activator are: source cabinet (above left) 
containing pulse transformer, deuterium supply, accelerator tube and vacuum 
pump; multichannel analyzer, shield and detector (center); control cabinet 
(far right). Pulse transformer with 5-usee pulse width provides acceleration 
potential (200 kev max at 10 amp). Deuterium gas is supplied to tube by a 
needle valve and accelerated to a 2-in. stainless-steel target covered with 
evaporated zirconium loaded with tritium. A two-stage mechanical pump 
maintains the 10‘-mm Hg pressure range necessary for neutron production. 
Radiation Counter Laboratories, Inc., 5121 W. Grove St., Skokie, Il. 


400-Channel Analyzer is 23 in. min; pressing speed is 
Model 34-12 combines compactness 4.5 in./min and return speed is 


with low-power consumption and 
Memory 


29 in./min. Press operation is auto- 
matic with manual over ride for each 


Rucker Co., Oakland, 


high reliability. divides 
into four 100-channel or eight 50-chan- 
nel subgroups for successive measure- 
ments without readout. Standard 
reference spectrum or background can 
be stored in half the memory and 
then transferred to the other half 
without being affected.— Radiation 
Instrument Development  Labora- 
tory, Inc., 61 E. North Ave., North- 


lake, Il. 


function. 
Calif 


Hinged 100-Ton Press 


Hydraulic C frame-type press is 
designed for compressing beryllium 
at Lawrence Radiation Laboratory. 


Hydraulically loaded counteracting 


Portable Scaler 


cylinders at back compensate for Transistor glow-tube scaler (above), 


pressure and give <0.020-in. spread 19 X 12!'9 X 7 in., provides 30-hr 
Platen stroke is 16 in.; distance 
beween platens in open position is 


48 in., in closed, 16 in. Platen speed 


104 


operation per charge; external bat- 
tery charger also gives 115 volt a-c 


operation Scaler includes regulated 








high-voltage supplies and ratemeter. 
Jewel-escarpment timer maintains 
l-min timing interval within 0.1%. 
Other models are available for ex- 
12-volt d-c, 115-volt 


Troxler Laboratories 


ternal 6- or 
a-c Operation 
Box 5253, Raleigh, N. ¢ 


Portable Iridium Units 


Five radiography cameras, designed 
for panoramic and internal radiog- 
raphy, have capacities of 10, 25, 35 
50 and 100 curies of iridium-192 
The machines range from 50 to 100 Ib 
radiog 


lridium-192 is useful in 


raphing from '4 in. to over 3 in 
of steel or from %4q in. to over 9 
in. of aluminum fadionics Ine 
Lafayette and Water St., Norristown, 


Pa 





Life-Support System 


{ 


System above protects handlers of 
toxic missile fuel, but can be adapted 
environments \ain 


helmet that 


to radiation 
parts: protective suit 
replaces cumbs rsome face mask and 
won't fog up, back pack containing 
liquid-air storage vessel pressurt 
gage, ejector for circulating air, heat 
exchanger for cooling recirculated air 
and trap for collecting solids and 
excess moisture System supports 
one man for two hours without re- 
charging. 
$5, Calif 
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X-Ray Spectrometer 


N-1281 spectrometer has a system 
gain stability of better than 0.25% 
per day and linearity of better than 
0.1% System has both linear rate 
meter coupled to recorder and high- 
speed printing decade scaler and 
rystal controlled electronic timer for 


Two wires connect remote point and 
central control location where either 
incandescent or high-intensity neon 
bulbs are used. Maximum loop-line 
resistance can be 100 ohms for 
incandescent or 2,000 ohms for neon 
indicators. Standard field unit con- 
trols up to 2-amp coils at 480 volts. 
Higher capacities are available. 

Texas Instrument Inc., 3609 Buffalo 





recording Hamner Electronics Co., 
{ 


Inc.. P. O. Box 531, Princeton, N. J. j ‘cal 
Speedway, Houston 6, Texas 


Composite Tubing 


A composite of stainless steel inside 
and carbon steel outside provides 





corrosion-resistant tubing. An in- 
separable high-strength metallurgical 


bond is formed between the two types 
of steel. Corrosion resistance is} 
increased by cathodic protection from 
metal combination, increased thermal 
conductivity and decreased thermal 





expansion of composite tubing. 





Tubing is produced by method that 
combines Ulam and hot extrusion 
New instrument gives remote open- process.—Allegheny Ludlum Steel 
stop-close or on-off control and status Corp., Oliver Building, Pittsburgh 


Remote Control Unit 





indication of power-operate d devices 22, Pa. 





ELECTRONICS 
FOR 
NUCLEONICS 


SCALER CHRONOSCOPE 





Bell Telephone scaler chronoscope 
| gives you top quality reproduction 

of automatic counting and printing 
| It is so constructed that from a 





| small stock of basic modules a wide 
scope of performances can be 
covered 





This type normally supplied in a 
metal case is also available for rack 
mounting 

@ preset time 

preset count 

result printing facilities 
interchangeable modules 

in line read out 

rly : > ; — ss - . fully transistorized 


20,000 Ton Forging Press 


World’s largest multiple-ram forging press will forge nuclear-reactor, jet- 





Our staff is always available to answer 
your inquiries. 





i engine, missile and turbine components. Frame is 50-ft high, 31-ft wide and 
laten is 12 K 12 ft. Press has 5 ft of daylight, stroke of 90 in. and maximum Bell lelephionie Mfg @e) 
extrusion of 30 < 56 ft. Side rams exert 5,000 tons each, piercing rams exert <ttuihier Unies ities” 
1,200 tons, push-back rams have gross of 940 tons, net stripping force is 400 33, Berkenrodelei 
tons, and bottom knockout punch is 650 tons.—Cameron Iron Works, Inc., ani teal 


Houston, Texas 
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1/10 of 1% 


GAUSSMETER 


‘$< 


MEASURE DC MAGNETIC FIELDS 
TO NEW HIGH ACCURACY 


Voltage developed in rotating pickup coil is 
balanced against internal reference generator 
Indicator used for null balance. No longer 
depends on power line frequency. All features 
of previous type 720 included for preliminary 
measurements. 

Type 820—Range: 0—40,000 gausses 
Accuracy: 1/10 of 1% 
above 2000 gausses 

Type 824—Range: 0—10,000 gausses 
Accuracy: 1/10 of 1% 
above 500 gausses 





Send for new bulletin 


Kawsou 


ELECTRICAL INSTRUMENT CO. 
fine instruments since 1918 


114 Potter Street * Cambridge, Mass. 

















we 
Neutron Detectors 
@ Clear boron-containing organic 
glass with ZnS (Ag) dispersion 
for fast and slow neutron de- 
tection. 
® Loaded liquid scintillators. 
@ Proton recoil liquid and plastic 
units. 
f ®@ Pulse shape discrimination liquid 


and plastic units. 


¢ 
4 


Gamma Detectors 


© Flow 
slabs. 


type, well plastics, and 


Beta Detectors 

© Flow type, capillary and liquid 
for filter paper counting, thin 
sheets. 





NUCLEAR 





‘4 


' ENTERPRISES LTD. 


' 550 Berry St 
; WINNIPEG 21 CANADA 
: Associate Co.: Nuclear Enterprises | 


(G. B.) Ltd 
Sighthill, Edinburgh 11. Scotland 





field, 


Le pari 


Products and Materials 


Thermocouple Oven 


Reference thermocouple oven houses 
separate reference junctions for 48 
thermocouples weighing 
Temperature of the junc- 
held within 0.5° 


for a wide range of ambient tempera- 


measuring 

8 lb. 
tions Is constant 
Unit can be used with a-c or 


Kelk Ltd., 5 


tures 
d-« power.—George 


Lesmill Rd., 


Don Mills, Ontario. 





Tunnel Diodes 


Three new germanium types, 1N3128 
(low-current type for pulse-repeti- 
tion 100 Me), 1N3129 
intermediate speed, rates up to 500 
Mc), 1N3130 (ultra-high speed, rates 
up to 1,000 Me) and one gallium- 

IN3138 (high speed, 
1,000 Me) are offered 
Tunnel diodes have switching speeds 
peak currents of 5, 20, 
and 50 ma controlled to +5%, wide 


rates up to 


arsenide diode 
rates up to 


to 's myusec 


operating temperature range of —65 
to +150° C. They withstand im- 
mersion for 10 see at 275° C Radio 


Corporation of America, Somerville, 


Ne W Je rsey 


Magnetic Preamplifiers 


A series of low-level, high-gain units 


detect 10 mv d-c. 
require less than 3 watts of 115 volt 

10% Reliable 
operate for without 


Preamplifiers 
power preampli- 


fiers vears ad- 
Acromag 


Rd., South- 


justment or maintenance. 
Inc., 22515 Telegraph 


Mich 


Tiny Resistance Thermometer 

Model that is a precision 
resistance 0.138 X 0.4 
in., has an accuracy of better than 
0.05 ohm or 0.05° F., 
pure platinum 


S31 


thermometer 


Sensing ele- 


ment is chemically 


unit is vibration and shock damped 


Operating range 1s from —100 to 








fa on pr 
100° F with resistance change of 
~1 ohm/°® F; linear deviation is < 1% 


of full range.—Minco Products, Inc., 
740 Washington Ave. N., Minneapolis 
1, Minn. 


Scale-of-Ten Tubes 


Four new decade counting tubes are 
offered: CK6909 and CK6910 operate 
up to 100 ke, have electrical readout 
from any cathode lead; CK6802 and 
CK6476 operate at 4 ke, offer elec- 
trical readout at 0, 5, 8 and 9 cathode 
leads.—Raytheon Co., 55 Chapel St., 


Newton, Mass. 


Radiation Detector 


EDU-12 e 
has 1,000-m! 
hr to concentrate 90% of radioactive 


vaporation-detection unit 


capacity and needs 2-3 


material on a 2-in. planchet Made 
of heavy duty aluminum, EDU-12 
measures 7!5 X 7!5 X 3 in. weighs 
20 |b and has controlled, self-con- 


Technical Serv- 
ices Department, Nuclear Corp. of 
Denville N. 


tained heating unit 


America 


Pry i tit iis 


| 
J 


|_f 


aaa 





Miniature Counter 
\Iodel 


has l-in.-high in line 


Transistor 1401, 200-ke decad 


above 


counter 


in-plane numerical display. 7-oz. 
counter has stacked modular-printed 
circuit boards protected by aluminum 
dust 
is <5 psec 
output to 


cover Paired pulse resolution 
10 volts at 1.5 
other 


reset to Zero 


input 


usec, drive similar 


decades, ele tri al 
Total power consumption is 1.6 watts 
46 X 2!5 X 4! 
Inc., 4624 EF. Garfield, 


Phoenix, Arizona 


Dimensions are 4 in 


Robotomics 


Color-Coded Fuel Elements 


For better in-position identifica- 


tion, Syleor is color-coding aluminum 
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fuel elements, such as those used at 
the University of Buffalo Anodized 
olor side-plates come in a variety of 


fuel-element 


negra 
serial numbers on the color plates 
gives sharp contrast for improved 
larit Svleor, Hicksville, N. ¥ 


Portable Survey Meter 


i140 detects low-level beta 


and gamma radiation as low as 1 
I five sensitivity ranges 
300 mr/hr Response 1s 
to 1.2 Mev; 
The detector, 
and is 10 
werates on tour 
ells r over 100 hr. 
Instrument Co 


Ohio 


5806 


Ch und 


Cement Mixer for Wastes 


A 1 t helps dispose 
rdioact ist t Consolidated 
bo dise Wast mis are put 
together t t into steel drums 
and the appr h cement The 
turbine ver handles one cubic yard 
en t and waste material and ts 
ited r. L. Smith Co. 

2835 N. 32 St., Milwaukee, Wis 


Information on Nickel 


High-T* erature Engineering Sec- 
INCO ide technical 
nit ke | alloys 
g tures and will advise 
41S ior high- 
" itions.—I nterna- 
il N ( I 67 Wall St 
N Ye > N. } 


LITERATURE 
AVAIL ABLE 


EMI 
Mid- 


Short Form Catalogue. 
| ty | toi 


s pp 


Hayes, 


Amplifier Bulletin AN 
502. 4 pp.; Baird-Atomic, Inc., 
33 University Rd 


Analyzer. 
Cambridge 38, 
Pulse-Height Analyzer. 4 pp.; Vic- 


nt ¢ ee 5806 Hough 


. % Jhio 


toreen Instrume 


Ave., Cleveland 


Process Instrumentation; Measure- 

nt and Conti 8 pp.; Nuclear 

(Chicag Cor} 333 «O*« Howard 
Ave [) P | 
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TURRET 


an unclad fuel reactor experiment at Los Alamos 








HEL! 
GE 
P.. piscHAR 


Fuel systems suitable for advanced concepts in power reactor design 
are being actively explored and evaluated by the Los Alamos Scien- 
tific Laboratory. Interest is particularly high in developing systems 
in which high utilization of natural resources is obtained by plu- 
tonium-fueled breeders and in developing systems in which the cost 
of fuel refabrication is minimized through the use of simple, mobile 
fuels. As a step in the evolution of more economic fuel, Turret, a 
high-temperature gas-cooled reactor experiment using unclad fuel 
elements, will soon be under construction. 


| Personnel Director Division 61.17 
los: alamos 
~~ _ scientific laboratory 


OF THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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Products and Materials ' , 


Department starts on page 104 


| All Nuclear Accessories. 32 pp., \ 
Atomic Accessories Inc., 813 W. \ 
Merrick Rd., Valley Stream, N. Y. 


Nuclear Products for Industry. 22 
pp.; Catalog #625. Isotopes Spe- 
cialties Co., Box 688, Burbank, 
Calif 













4000° <e | 1960-1961 Catalog of Instruments 
TO PLUS and Filters. 43 pp.; Gelman In- 
The world's finest thermocouples. | strument Co., 106 N. Main St., 
New process increases precision Chelsea, Mich. 


Hi and temperature range. Exceeds 

* all military and commercial | Bendix and Nuclear Energy. 12 pp.; 
specs. Con-O-Pak is used in Bendix Corp., Fisher Bldg., Detroit 
aircraft, missiles, nucleonics, 2, Mich 
chemical processing. 
Useful data? .. . Ask for | Nuclear Engineers and Consultants 


“The Con-O-Pak Story.” to the Free World. 7 pp.; Inter- 
nuclear Co., 7 N. ‘Brentwood 


Blvd., Clayton 5, Mo 





| Computing fS-ray Absorption and 


|  Back-scattering. 4 pp.; Nuclear- 
Chicago Corp., 333 E. Howard 


CONTINENTAL SENSING INC : 
1950 N. Ruby St.. Melrose Park. Illinois Ave., Des Plaines, Il. 


| Safety Enclosures. 32 pp.; Ke- 
waunee Scientific Equipment, 4042 
Logan St., Adrian, Mich. 


FLEXIBLE AND SHEATHED THERMOCOUPLES - THERMOCOUPLE WIRE - HEATING ELEMENTS + CONNECTORS 


Millimicrosecond Instruments. 1 p.; 
Lumatron Electronics, Inc., 116 


VO L TA GE County Courthouse Rd., New 
Hyde Park, N. Y 
QUALITY 
PNP Germanium Madt Transistors 


RELIABILITY 2N501 & 2N501A. 2 pp.; CBS 


Electronics Information Services 
100 Endicott St., Danvers, Mass. 








35 KV DC-1 MA 
30 KV DC-5 MA 
INSTRUMENTED 
POWER SUPPLY 


® Completely Self-Contained—Portable 

* Ideal as Insulation Test Set 

*® No Exposed High Voltage Components 

® Electronic Overload Circuits settable from 
0-120% of rated current and voltage Medel PSC 30-5-1 

® Many other Features 


Gas-Flow Counters. 2 pp.; Atomi 
Accessories Inc.. S11 W . Merrick 
Rd., Valley Stream, N. Y 


AccuRay On-Stream Composition 
Analysis. 11 pp.; Industrial Nu- 
cleonics Corp., 650 Ackerman Rd 
Columbus 2, Ohio 





3 : . Space Age Metals. 24 pp., Lunex 
Designed and constructed for reliable operation Co., Pleasant Valley, Iowa. 
in industrial and experimental applications. 





instrumented High Voltage Power Supplies from 1 to 300 KV and up to 50 KVA. Corrosion-Resistant Pipe and Tubing r\¥ 
Standard power supplies and transformers available from stock. Others built to of Nickel-Alloy-Bonded Steel. 8 
your specs. pp.; M. L. Sheldon & Co., 350 
For futher information—write today to Dept. N. Lexington Ave., New York 16, rin 
sete a ee 


DEL tiecironics conrona 
821 HOMESTEAD AVENUE» MOUNT VERNON, 1. Y. « OMtens 9-200' Metal Products for the Nuclear 

Choice sales territories for Mfg. Reps outiielile Industry. 10 pp.; BSA House, 54 
St. James Street, London, England 
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INDUSTRY f 


@ American Machine & Foundry Co. 
has licensed Pye Ltd., a world-wide 
British electronics company, to manu- 
facture and market AMF nuclear 
research and training reactors in the 
U. K. and Ireland. The AMF-Pye 
agreement extends AMF’s activities 
n the nuclear field throughout the 


British Commonwealth, excluding 
Canada, and in Iraq, Jordan and 
Egypt. Pye Ltd. produces radio and 


television transmitting and receiving 
equipment, and is already established 
It has a number 
f contracts in the U. K. for fuel- 
and remotely-controlled 
AMF shad 


licensed Pye to manufacture and sell 


in the nuclear field 


inspection 
equipment In 1956 


its master-slave manipulators 


@A new department to emphasize 
generation of electricity directly from 
nuclear reactor heat without use of 
rotating machinery has been created 
by Atomics International, Calif. 
Ned S. Rasor and Donald E. Me- 
Kenzie have been named director and 
issistant director. Projects planned 
or the department include develop- 
ment of thermionic devices, novel 
ightweight batteries and fuel cells 


@Llinde Co., a division of Union 
Carbide Corp., has been awarded a 
$31-million contract through 1966 to 
supply 60-million Ib of liquid hydro- 
gen to. the National 


Space dministration’s west coast 


Aeronautics 
research-development program which 
includes Rover. This contract is in 
iddition to a five-vear contract calling 
or 3.3-million lb to be supplied to 
NASA by Linde’s Torrance, Calif. 
ant. Linde was among three com- 
vanies to bid. It will manufacture 
the hydrogen at a new Fontana. 
Calif. plant, scheduled to be finished 
mid-1962. 


Until then, Linde will deliver liquid 


ind in production by 
hydrogen to meet contract terms from 
ts West Palm Beach Fla., facilities. 


@Ebasco Services, Inc., New York 
City, has received a contract from 
AEC for architect-engineering serv- 
ices, estimated at $4-million, for the 
250-Mwth, $24-million Advanced 
Test Reactor at the National Reactor 
Testing Station in Idaho. Babcock 
& Wilcox Co., New York City, will 
subcontract to Ebasco on design of 


the nuclear portior \ separate con- 
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struction contract will be awarded 
next May. 


@Nuclear Materials and Equipment 
Corp. has received an AEC operating 
license for its plutonium facility at 
Leechburg, Pa. Numec will use the 
facilities primarily to carry out its 
Pu-oxide fuel-cycle contract with 
AEC, and will also fabricate Pu- 
beryllium neutron sources. 


ACQUISITIONS. Baird-Atomic, 
Inc., Cambridge, Mass., has purchased 
controlling interest in a Dutch nu- 
clear instrument company: Elec- 
tronisch Kernfysisch Apparatenfab- 
riek, N. V., The Hague, Holland. 


EKAF, previously 100% owned by | 


Bouvy-Zout, Holland, will now be 
known as Baird-Atomic Holland, 
N. V. Company officials stated the 
move was made to step up activities 
in the European market, and also to 
produce for U. 8S. consumption a few 
instruments where labor costs are a 
major factor. Baird-Atomics also 
operates its own sales subsidiary in 
Kleve, West Germany. 


COMPANY MOVES. Tatnall 
Measuring & Nuclear Systems, Ltd., 
Canada, a subsidiary of the Budd 
Co., has been renamed Budd Instru- 
ments Ltd. Offices, formerly in 
Toronto, are now located at 170 Don- 
way West, Don Mills, Ontario .. . 
Isotopes Specialties Co., a div. of 
Nuclear Corp. of America, has ex- 
panded its sales department to in- 
clude a representative on the eastern 


seaboard from Northern Virginia 
throughout New England. William 


Johnson and Associates of Mt. Lake, 
N. J., was named as representative. 


FINANCE. Nuclear Chicago Corp. 
reported its best quarter in its history 
for orders, shipments and earnings 
for the period ending Nov. 30. The 
company also disclosed plans for 
expanding its plant this spring, add- 
ing about 25,000 sq ft to the produc- 
tion area—a 50% increase. Under 
its process-control instrumentation 
program, N-C will increase its staffs 
at five branch offices. N-C also 
reports that its 23rd subcritical 
assembly was installed at North- 
eastern Univ., Boston, Mass., making 
the company “the largest supplier of 
these $15,000 devices.”’ 














CORP 


920-E Commercial St.- Palo Alto, Calif.-DA 1-4117 
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ELECTRONICS AND 
NUCLEONICS 
DICTIONARY 


Just Published. Here are def- 
initions of over 13,000 terms 
+» clearly de- 

rom television 

to py ey EA nuclear en- 
ping to space electronics. 
synonyms, deprecated 


terms, and lete terms— 
pa eR ling, hyphcnation: 
reviations. Nel- 





13,000 terms, 452 illus. oad 
diagrams. $12.00 


RADIATION HYGIENE 
HANDBOOK 


Brings together the essential facts on problems 
of radiation and its control. Gives technical data 
and practical methods needed to control the en- 
vironment of workers, equipment, and materials 
—and also keep the public safe from the damag- 
ing effects of radiation. This book equips you 
to deal safely with radiation regardless of your 
background in the field. It provides a_ vast 
array of information on exposure standards 
sources of radiation, waste disposal, air and water 
pollution control, eg effects of radia- 
Son. a general data, Ipful glossary, etc 

ohh Hanson Blatz, Radiation —, 
Gi of N. Y. 269 illus., 213 tables, $27.50 


PROPULSION SYSTEMS 
for SPACE FLIGHT 


Here is a comprehensive view of the design 
development, and operation of reaction engines 
for use in outer space. The book surveys the 
entire field from turbojets to photon-propulsion 
stressing the more advanced types of engines. In 
addition, it describes modern developments in ion 
propulsion, plasma drives, nuclear propulsion, 
chemical rockets, and other important areas of 
research. The book also provides a realistic pic- 
ture of the space environment in which such craft 
will travel ona the problems which must be over- 
come. By William Corliss, The Martin Com- 
The blunt truth about what auto 


pany. 312 pp., 149 illus., $10.00 
=} 
mation is doing to our economi 


system and how it affects our military 

Two experts analyze the situation and discuss the 
needs and possibilities for change in our techni 
and organizational policies. A startling, thoues 
provoking book by G. Steele, and P. Kirch 
$4.95 





‘THE CRISIS WE FACE 









“=""SEE THESE BOOKS 10 DAYS i 


McGraw-Hill Bost Co., Dept. FNU-2 
327 W, 41st St., N. Y. Cc. 
Send me ode hag checked “ge for 10 days’ 


examination on approval. In days I will 


remit for book(s) I keep, pius few cents for 
delivery costs, and return unwanted book(s) 

. (We pay delivery costs if you 
remit with this coupon—same return privilege). 


0 Cooke & y. 31200 & Nucleonics 


| 

| 

l 

D Blac Blatr—Radiaon Hygi Hdbk., $27.50 | 
ystems for Space | 

| 


0 Stee’ telee + cn Crisis We Face, 


I 
| 
| 
| 
. ae | 
I 
| 
l 
| 


I oe es a eetudccescneeenees | 
GE wacedarvawnconvesen Zone... .State...... | 


SY UNithubhned p6< teens stR eine eoesewees | 
For a price and terms outside U.S. FNU-2 | 


write McGraw-Hill Int’l., NYC. 
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Gordon O. Fraser has been ap pointed 


| vice-president for exports of the 


International 
Group of the 
American Ma- 
chine and Foundry 
Co. with respon- 
sibility for AMF 
overseas atomic 
sales. He joined 
AMF in 1958, 
after serving as 
admin- 





Fraser : 
assistant 


istrator of the U. S. Department of 
Agriculture’s foreign agricultural 


service 


Abraham Hyatt has been appointed 
the director of the National Aero- 
nautics and Space Administration’s 
office of Program Planning and Evalu- 
ation. He succeeds Homer J. Stew- 
art, and was deputy director of 
NASA’s Launch Vehicle Programs 


Gordon S. Brown, Dean of MIT 
Engineering, has _ been 
‘ elected to the 
Board of Direec- 
tors of Baird- 
Atomic, Ine 
Cambridge, Mass 
In 1948, he re- 
ceived the Presi- 
dent’s Certificate 
of Merit, the na- 
tion’s highest 
civilian award, for 
advances made by MIT’s Servo- 
mechanisms Laboratory. 


School of 





Brown 


William F. Hall and Mortimer T. 
Beam have joined the staff of the 
University of Buffalo’s Nuclear Re- 
search Center. Both were formerly 
with the Curtiss-Wright Corp. Re- 
search div. at Quehanna, Pa. Hall 
was operations manager, Beam was in 
radiation protection. Hall will be 
manager of the Center’s reactor when 
it begins operation in March: Beam 
will supervise health and safety. 


Forest J. Remick, acting director of 


the Nuclear Reactor Facility at the 
University of Pennsylvania, has also 
been named acting director of the 
Curtiss-Wright Nuclear Research Lab- 
oratory at the University, Quehanna, 
Pa 





Kuan H. Sun and Chiang Kai-Shek 


The 1960 Achievement Award of the 
Chinese Institute of Engineers of 
New York has been presented to 
Kuan H. Sun, manager of Westing- 
house Electric Corp.’s Radiation and 
Nucleonics Laboratory for his “‘dis- 
tinguished service in engineering and 
science.”’ In 1959, Sun was granted 
a leave of absence from Westinghouse 
to accept a Fulbright professorship at 
Tsing-Hua University near Taipei, 
Formosa—an assignment from which 
he has since returned. 


Lloyd V. Berkner has been elected 
first president of the Graduate Re- 
search Center, Dallas, 


center has been without a president 


Texas. The 


since it was formed, in 1957, by a 
group of leading businessmen to 
“advance knowledge in both the pure 
and applied sciences.” Chairman of 
the board of trustees is J. Erik Jonn- 
son, chairman of Texas Instruments, 
Inc. Berkner, after 10 years, re- 
Associated 

operates 


signed as president of 
Universities, Inc. which 
Brookhaven National Laboratories 
for AEC. Leland J. Hayworth, vice- 
president of AUI and director of 
Brookhaven, has been appointed 
AUT’s acting president. 


Jerrold Zacharias, a member of 
President Eisenhower’s Science Ad- 
visory Committee, has been retained 
by Sprague Electric Co. as a con- 
sultant. Jerome B. Weisner has 
been appointed to the company’s 
board of directors. He is the director 
of the Research Laboratory of Fle: 
tronics at MIT 
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George W. Switzer, Jr., has been 


named manager Nuclear Energy div. 
of Gilbert Associ- 
ates, Inc., Read- 
ing, Pa. Gilbert 
Associates holds 
subcontracts from 
the Westinghouse 
Electric Corp. for 
the Saxton, Pa. 


experimental nu- 





lear reactor. 


Switzer 


Switzer will be re- 
ponsibl for Gnulberts’ engineering 
ind design project work in the 


William Sjoborg, formerly with Cur- 
tiss-Wright, has been named to the 


senior staff at Quehanna and a re- 


search associate in the Nuclear Engi- 
neering dept Penn State has leased 
the hot cell facilities of the laboratory 


to Martin Nuclear 


Brig. Gen. Austin W. Betts, Army 


Corps of Engineers, has been ap- 
nted director of the AEC’s Mili- 
I Ap] it He succeeds 
Maj. Gen. A. D. Starbird, who has 
been appointed division engineer of 
the North Pacific div. of the Army 
engineers. Ger setts was director 
the Advanced Research Project 
Agency of the Department of Defense. 


William E. Ray has been appointed 
| tor of research of Dresser Prod- 
ucts, Inc., Great 
Barrington, Mass. 
For the past five 

irs, he was 
net illurgical con- 
sultant on sub- 





marine reactors at 
Knolls Laborator- 
es, Schenectady, 
N. Dresser 





| 


Ray specializes in re- 
nt and processing 
(TLAis 
4 Ca Paul E. Gagnon, has 
na inted director of the Inter- 
, Atom Energy Agency’s 
f Exchange and Training of 
S t | t 
Alan E. Over has joined Victoreen 
Instrument Co., Cleveland, Ohio, as 
issistant sale manager of its com- 
nt Hi is formerly with | 
the U1 Switch & Signal div. of 
West { OUSE Au Brake Co 


Vol. 19, No. 2 - February, 1961 


PS 


Lawn 


f 
fii 





N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 


EINDHOVEN-HOLLAND 


PHILIPS 


Even against the seemingly 
mysterious threats to human 
life which radioactivity can 
entail, health physics does not 
make use of the magic invari- 
ably resorted to by the witch 
doctor 


For the detection and meas- 
urement of radioactive radia- 
tion a great variety of methodi- 
cally developed equipment 
is available to provide an ef- 
fective health protection serv- 
ice 


The increasing application of 
radioactive sources in indus- 
trial processes and the grow. 
ing number of nuclear reac- 
tors which are coming into 
use, call for constantly intensi- 
fied care on the part of Health 
Physics Officers in their efforts 
to protect the growing num- 
bers of people coming daily 
into close contact with ton- 
izing radiation. 





modern witchcraft 


Philips produce indispensable 
aids in a range extending from 
small monitors and dosimeters 
for the protection of individual 
workers to permanent mont- 
toring, multi-channel installa- 
tions for the coverage of build- 
ings and surroundings of re- 
actors, nuclear research labora- 
tories or ‘hot labs” 


PHILIPS 


nuclear equipment 


Particle accelerators @ Reactor contro! instrumentation @ Health protection and monitoring equip 
ment @ Radiation measuring ond detection equipment @ Geiger counter tubes @ Photomultipliers 


@ Radio-active isotopes @ Vacuum measuring equipment @ 


ir and gas liquefiers 
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Leading electron tube manufacturers now rely on isotopic ionization 
sources from U. S. Radium to insure quick start-up and maintain firing 
stability. 

U. S. Radium now offers plated electrodes and radium foil in required 
configurations for incorporation in electron tube envelope design. Use of 
such isotopes as Ni® eliminates problems associated with improper firing 
due to prolonged storage or extreme environmental conditions. 

U. S. Radium’s plated electrodes and foil elements are easily installed, 
eliminating the cumbersome, inaccurate and hazardous methods asso- 
ciated with the evaporation of radioactive solutions within a tube. 

Investigate isotope sources for your tube RIG ; 
ionization problems. Write Department F 2 ce a 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, MJ. | Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
Port Credit, Ont., Canada and U.S. Radium Corp. (Europe), Geneva, Switzerland. 





Feb. 1-4—Annual Winter Meeting of 

| the American Physical Society, New 
York City (Hotel New Yorker 
Contact: K. K. Darrow, American 
Physical Society, 538 W. 120 St 
New York 27, N. 


Feb. 16-17—Symposium on Materials 
for Nuclear Application, University 
of New Mexico, Albuquerque (Student 
Union Building). Sponsors: Ameri- 
can Society for Metals (Albuquerque 
and Los Alamos Chapters), and the 
University of New Mexico. Contact: 
A. W. Snyder, Radiation Effects div., 
Sandia Corp., Albuquerque, New 
Mexico 


Feb. 26-March 1—Pacific Electronic 
Trade Show, Los Angeles (Great 
Western Exhibit Center Contact: 
Pacific Electronic Trade Show, 2216 
South Hill St., Los Angeles 7, Calif 


March 10 11 The Second Annual 
Meeting of the Southeastern Chapter 
of the Society of Nuclear Medicine, 


Atlanta, Georgia. Sponsor The 
Society of Nuclear Medicine. Con- 
tact: James C. Coberly, chief of 


radioisotope service, Veterans Ad 
ministration Hospital, 4158 Peach- 
tree Rd., N. E Atlanta 19, Georgia 


March 21-30—139th Meeting of the 
American Chemical Society, St. Louis, 
Mo. Contact: A. T. Winstead, Na- 
tional Meetings dept., ACS, 1155 
Sixteenth St N. W., Washington, 
Dp. © 


March 27-31—Third Symposium on 
Temperature, Its Measurement and 
Control in Science and Industry 
Columbus, Ohio (Veterans Memoria 
Auditoriun Sponsors: Instrument 
Society of America, American Insti- 
tute of Physics, National Bureau of 
Standards Contact: ISA, Meetings 
Service dept 313 Sixth Ave., Pitts- 


burgh 22, Pa 


April 4-6— International Symposium o1 
Electromagnetics and Fluid Dynam- 
ics of Gaseous Plasma, Engineering 
Societies Bldg., 33 West 39th St 
New York City. Sponsors: Insti- 
tute of Radio Engineers, Aeronauti- 
cal Sciences, and I S. defense 
research agencies. Contact: Sym- 
posium Committee, Polytechnic In- 
stitute of Brooklyn, 55 Johnson St., 
Brooklyn 1, N. ¥ 


April 17-19—Seventh Instrument So- 
ciety of America Symposium on 
Instrumental Methods of Analysis, 
Houston, Texas (Shamrock-Hilton 
Hotel). Contact:IS A, Meetings Serv- 
ice dept., 313 Sixth Ave., Pittsburgh, 


Pa 
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{ EMPLOYMENT OPPORTUNITIES 
Part Time Work Selling Opportunities Offered Labor 
An advertising inch is measured }” vertically 


eee a 
e NATIONAL” The advertisements in this section include all employment opportunities 
A Ht —executive, management, technical, selling, office, , manual, etc. 
ircra COVERAGE Positions Vacant Civil Service Opportunities Employment Agencies 
Nucl i Tadeo 

ue ear DISPLAYED RATES ——— UNDISPLAYED 
e The advertising rate is $25.33 per inch for all $2.10 per line, minimum 3 lines. To figure 

ro U sion advertising —— on other than a con- payment count 5 average words as a line. 
tract basis. Contract rates quoted on re- Position Wanted ads are } of above rate. 

Pro ress on a column—2 columns—30 inches to a Discount of 10% if full payment is made in 

page. advance for 4 consecutive insertions. 

Subject to Agency Commission Not subject to Agency Commission. 

Send NEW ADS or Inquiries to Classified Adv. Div. of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y. 


Positions Wanted Selling Opportunities W: d nploy 
quest. ~ Box Numbers—counts as 1 line. 
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professional 
opportunities 
i field of 
Needed in the field o 
Major advances have been made ATOMIC ENERGY 
by General Electric in nuclear 
theory and the correlation of theory 
and practical design. G.E. engi- 
neers and scientists now can pre- 
dict, within very close limits, the ® CHIEF of NUCLEAR SAFETY 
amount and placement of fuel and : : . P : 
reactor structure and moderator in B.S. or M.S. degree in Chemistry or Physics, with 5 to 7 years 
advence of actusl constraction te experience in detecting and recommending correction of safety 
meet performance requirements hazards and interpreting criticality data. 
This is a big step towards a high 
performance nuclear propulsion e INDUSTRIAL HYGIENIST 
airplane : ri 2 P . 
B.S. or M.S. degree in Health Physics, with 5 to 7 years’ experience 
Now in its advanced develop in radiation and effluent control, planning projects and studies of 
i ment stage, the Aircraft Nuclear conditions affecting the health of employees. 
Propulsion program has openings 
at Cincinnati, Ohio and Idaho *RA EM 
Falls, Idaho for DIOCH IST 
, ' , ‘ he 
’ NUCLEAR ENGINEERS & PHYSICISTS— B.S. or M.S. degree or its equivalent, with a background in radio 
SHIELDING chemistry. Position requires ability and desire to organize and super- 
MS in Nuclear Engineering or Engineer- vise radiochemical programs. Work will consist of varied radioactivity 
ing Physics, or BS in either plus 2 years measurements and tracer work. 
nuclear engineering experience, for air- 
craft shield design experiments, or . . ‘ eas . 
analysis These openings offer challenging technical opportunities for experience 
in the rapidly growing Atomic Energy field, an excellent benefits program 
NUCLEAR ENGINEERS & PHYSICISTS— 2 eee eo : gy — 
REACTOR PHYSICS and company-paid relocation expenses. 
MS/PbD in Physics or Nuclear Engineer- ; 
ing; to conduct experiments in reactor Please send resume of education, experience and salary require- 
physics involving critical assemblies ments to WARREN WIRTZ, Employment Supervisor, Dept. J-101, 
MECHANICAL ENGINEERS— 
REACTOR DESIGN 
BSMEs, for Design and Development of 
reactor components, analysis of stress and 
thermodynamics 
MECHANICAL & ELECTRICAL OF OHIO 
ENGINEERS—-CONTROL DESIGN 
Analyze system requirements; propose - ee 
systems; design, develop and test control Contract Operator for the Atomic Energy Commission 
system actuators 
P. O. Box 158, CINCINNATI 39, OHIO 
MECHANICAL ENGINEERS— 
POWERPLANT 
BSME or higher direct experimental 
tests to determine stress characteristics of 
powerplant components; includes responsi THE DANISH ATOMIC ENERGY COMMISSION 
bility for creative design " ‘ # 
offers research positions for graduates in the fields of 
If you have an interest and qualification ‘ 4 
x in these areas, please write in confidence Health Physics Electronics 
4 to Mr. George Hunsinger, Manager, Pro a >. CS } 
ccmsat Gusmendk dann aeaee Nuc lear Physic . Metallurgi 
Solid State Physics Heat Transfer 


AIRCRAFT NUCLEAR —- se , ’ 
q , PROPULSION DEPARTMENT Applications containing pertinent information on personal matters, educa- 
tion, previous employment, salary, and referees should be mailed to 


GENERAL @@ ELECTRIC Danish Atomic Energy Commission 
Christiansborg Ridebane 10 

Copenhagen K 

Denmark 





P.O. Bex 132 Cincinnati 15, Ohie 
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HEALTH PHYSICS TECHNICIANS éitteimenicand 


; bata mi PHYSICISTS fo 
To work with engineers and scientists in Sandia's nuclear 
program. Work with accelerators, a pulse reactor, and a 5 AND 
megawatt engineering reactor for radiation effects studies. 
Some field work may be involved. 
ae ENGINEERS 
At least two years of formal education in physics, mathe- 
matics, or engineering plus two years or more of reactor or 


radiation laboratory experience. For expanding Shielding Group in 
Sandia Corporation, located in Albuquerque, N. M., is en- field of high powered liquid metal 
gaged in research and development of nuclear weapons cooled reactors for aircraft and 
and other projects for the AEC. Albuquerque is a modern other applications requiring mini- 
city of about 225,000; has an excellent climate and many mum weight and compactness 


cultural and recreational attractions. Winters are mild, 
summer nights are cool, and there's plenty of year-round 
sunshine. Liberal employee benefits include generous vaca- 
tions, retirement and insurance plans and an educational 


assistance program. Paid relocation allowance. SHIELD DESIGN ANALYSTS 


Work includes improvement of 


Several positions are open at vari- 


ous levels for: 


Send resume to: General Employment Section 565. 
shield design methods, shield op- 


timization studies, shield heating 


activation, dose 


ant and structural z 
CORPORATION attenuation, analysis of shielding 
experiments, and design of com- 
pact shield systems. Experience in 
similar shielding calculations help 
ALBUQUERQUE, NEW MEXICO ful but not necessary 














MONTE CARLO ANALYSTS 
ED PS ST 
To develop and operate Monte ’ ' 


PHYSIC I STS: Carlo codes to be applied to shield- 


ing problems. Two or more years 


An expansion Program at Philips Laboratories provides opportuni- of experience in Monte Carlo 


ties for qualified Physicists to become members of our professional methods are necessary 


staff 
EXPERIMENTAL NUCLEAR PHYSICIST with a Masters or Ph.D. in SHIELD ENGINEERS 


Physics and a minimum of two to three years’ experience 


wanted to strengthen newly organized semiconductor group, lo provide liaison between shield 


presently conducting studies on solid state nuclear radiation ing physicists, engineering, and 
detectors. Interest in interaction between nuclear particles design groups Work involves cal 
and solids vital, and a background in electronics desirable. culation of shield heating. heat 
EXPERIMENTAL SOLID STATE PHYSICIST with a Masters or Ph.D. transfer and gap and thickness 
in Physics and a minimum of two to three years’ experience tolerances in order to establish 
wanted for newly organized semi-conductor group with a cooling requirements and _ struc 
starting assignment in the general field of photoconductivity. tural integrity of the overall shield 
Experience in transistor-like materials, and solid state elec- 
design. A practical knowledge of 


tronic devices useful, but not essential. ; 
shielding physics, engineering and 


EXPERIMENTAL PHYSICIST with a Masters or Ph.D. in Physics and design are required 
a minimum of two to three years’ experience in physical elec- 
tronics wanted for an existing thermionics group working Dicoca site in conhdence to 1.7 
currently on thermionic converters. Experience in cathode . 


issi ; Shiembob Employment Supe 
emission essential. ue f u if 


sor, O ffi e4F 


PHILIPS LABORATORIES is located on a beautiful estate in West- \ 6 
chester County, about 20 miles north of New York City. Excellent 
working conditions, salaries, fringe benefits, and opportunities for ‘ CANEL 
professional growth are offered / 

Box 611, Middletown, Connecticut 5 


Mr. Martin G. Wolfert PRATT & WHITNEY AIRCRAFT 
NORELCO _ nort American PHILIPS COMPANY, INC. Re at I Sa Capen 


100 East 42nd Street New York 17, N. Y. 
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Send full resume and salary requirements in confidence to: 

































ELECTRONIC AND 
GENERAL ENGINEERS 


The U. S. Army Engineer Reactor 
Group, Nuclear Power Field Office 
located at Fort Belvoir, Virginia, is 
currently seeking applicants to fill 
Electronics and General Engineer va- 
cancies at er: vad atl , $10,635 per 
annum Applic s selected must 
meet U. S Civil Ser ice qualification 
requirements for the position and 
grade level for which considered 

ELECTRONI ENGINEERS Perma- 

ent positions with broad responsibil- 
ities as technical experts and advisors 
the field of Electronics (Instru- 
mentation) as it relates to Research 
and Development activities, installa- 
tion, operations and maintenance of 
Nuclear Power Plants 

GENERAL ENGINEERS Permanent 
positions with broad 
technical experts and advisors in the 
field of Nuclear Engineering. Prime 
experience background in Nuclear 


responsibilities as 


Engineering is desired with secondary 
knowledge and experience in fields of 
hemistry, health physics, or Electrical 
Engineering 

Interested persons should submit 
ompleted application, SF-57, to the 


Civilian Personnel Office, Fort Bel- 
voir, Virginia, and make reference 
to this advertisement. Application 
forms, SF-57’s, may be obtained at 
your local Post Office, nearest Federal 
nstallation, or upon request to the 
Civilian Personnel Office at Fort Bel- 
voir, Virginia 
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Following pioneer achievements in reactor power 
plant developments, The Knolls Atomic somets 
Laboratory is now studying major 

reactor and power plant simplification. eeetint 
to be achieved may considerably advance nuclear — 
reactor applications. 


Working on unique developmental problems at 

KAPL, engineers and scientists have access to an 
unusually broad range of specially-designed ex- 
perimental and test equipment...as well as the 

advantages of inter-professional consultation 

with experts in a number of related fields. Ad- 

vanced nuclear studies are available at both the © 
Laboratory and nearby colleges. 


OPENINGS ANNOUNCED 


NUCLEAR ENGINEERS AND SCIENTISTS 





You are invited to inquire about openings in: 


Power plant test and analysis / Instrumentation 
controls design / Power plant equipment design / 
Reactor nuclear analysis / Theoretical physics 
(PhD) / Experimental physics / Statistical meth- 
ods application (PhD) / Reactor mechanical 
design Hydro-thermal engineering computations 

Coolant technology / Reactor service equip- 
ment design / Numerical analysis / Electrical 
systems design. 


Please send resume —including salary require- 
ment—in strict confidence to Mr. F. W. Snell, 
Dept. 48-MB. U.S. Citizenship and appropriate 
engineering or scientific degree required. 


WINCHESTER LABORATORY 


Is conducting a long term program of basic work in 
Physical Chemistry, Radiochemistry, and ecology of 
natural radioactivity (heavy elements) 


There are openings at Junior, Senior, and Group 
Leader levels in the following areas: 

Physical Chemical and Tracer experimentation. 
Methods development for radio-chemical analy- 
sis of complex systems. 


Radiometric instrumentation applications. 


Environmental and ecological studies, specific 
orientation to radiological problems. 


LOCATION: Boston Suburban: 


Easy access to Boston and New England 
educational and cultural activities, and to 
ocean, lake and mountain resort areas. 


SEND RESUME TO: 
Technical Director 
WINCHESTER LABORATORY 


BOX 151 A 
WINCHESTER, MASSACHUSETTS 
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for 
POSITIONS 
- in the 
NUCLEAR 
FIELD... 
WRITE US FIRST! 


Use Our Application 
No Resume Required 


| 
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SEARCHLIGHT 
SECTION 


(Classified Advertising) 


BRAND NEW 
FACTORY FULL 
CLOSEOUT GUARANTEE 


GEIGER-MODEL: WF-10AWB 


RADIATION COUNTER 
INDICATES RADIOACTIVITY 
3 WAYS 
NEON © METER *© PHONE 
$35 00 MFRS LST 

‘ $150.00 
Postage $1.50 
ACCOUNTING RANGES 
COUNTS PER MINUTE 
0-100/1,000/10,000 
VERSATILE, IDEAL FOR: FIELD, PLANTS, 
LABS, BENCH, ETC. 
Finely built & engineered by 
the Prominent RCA Company 
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NUCLEAR 
OPPORTUNITIES . 


Immediate openings in various lo- 


Our national coverage and 
technical experience in 
the nuclear field offers 
the maximum opportunity 
to achieve your goals. 


Confidential Handling 
Employer Pays Fee 






cations in connection with nuclear 
Write: Arthur L. Krasnow 


ATOMIC PERSONNEL, INC. 
HEALTH PHYSICISTS 1518 Walnut St. « Phila. 2, Pa. « PE 5.4908 


An Employment Agency for the Nuclear Field 


ship servicing and repair. 





| 
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To supervise and assist in direc: | SPECIFICATIONS 
° | AM Weather- ] 1 Case, > 7? Ibs 
tion of programs. A. E. C. fel-| SPERT PROGR Sha Ge cua Nig Intustens 
e | (Special Power Excursion Reactor Test) by neon Sound indication by phone 
lowship graduates with two or| National Reactor Testing Station Switch on meter for exact measure. Handy 
3 REACTOR PHYSICISTS AND MATHEMATICIANS reset button assures high accuracy which per 
more years experience desired. Experienced physicists and mathematicians mits compensation for variations of batt. volt- 
_—- to direct the analysis and interpreta or Be Te count 
tion of data on ‘LU ) - 
2 742 volt batt. (200 Inter. Hrs.) 3 
REACTOR KINETICS Flashlight batt. (30° Inter. Hira.) Headphone 
RADIATION MONITORS Other opeaines in Design and Fostoemencs of Book by the U. S. Atomic Comm 
eactor Experiments, Analysis and Interpre- 

To rform surveys and assist in tation of Reactor Kinetic Data, Special Instru- JOB LOT TRADING co. 
perto: Y — 8 — menses gg B Tests, 53 Vesey St., New York 7, N. Y., WO 2-6872 
various phases of health physics fa od gy ransfer Studies and Engineer =—=_ = 

* Write: —_ = 
operations. Three or more years = = 
- : 3 fe PHILLIPS PETROLEUM COMPANY = PROFESSIONAL = 
of full time experience required ATOMIC ENERGY DIVISION : : 
“a bly i ; facili reat ea . 
refera in a lar ‘acility. . O. Box 2067- : RV] E FS 
P y ge Y Idaho Falls, Idaho = SE = { 
— = ' 
— — 
SERVICING SUPERVISORS === es 
Expanding Nuclear Instrument Develop C , en 
: : : : onsultants For Industry & Government 
To supervise, train and write pro ment Laboratory Requires Experienced Nuclear: Nuclear Aosivete, Reactor Specifica- , ¥ 
cedures on servicing operation a EE ee oe cee ae 
. ° ° e S, : Effects, P I ee ll 
including refueling, maintenance ENGINEERS a tg RH a aman 
. ) 25 rransistc . _ . Advanced Technolosy: Heat Transfer, Stress 
and waste handling. Must have ne Naga torized Research and Medical Analysis. Thermodynamics, Electronic Data 
. . ‘ocessing, ryogenics 
reactor operating experience. | Raleigh, N. C. WAnce 8-4386 Cable: ‘‘ASTRA"’ 
Only Qualified Men Need Apply Send 
Re > to 
ee NUCLEAR TECHNOLOGY CORPORATION 
Excellent opportunities for the Tullamore Electronics Corp. Consultants to the Nuclear Industry 
ight pl S$ t » 4 6726 $. Ashland A ay ae By shielding. ——— 
ri opie. m rave in- , . . 
9g ad — - age ‘ ei mechanical design, hazards evaluation, nuclear 
volved. Send complete resume Chicago 36, Illinois economics, reactor evaluation, computer tech- 
niques. 
to: | President, Joseph De Felice 
| Irvington, New York LYric 1-8820 
C. W. Hathway | AERO PRURCS 
| CHIEF SYSTEMS ENGINEER FOR INFORMATION 
Nuclear Superintendent Sala ‘7 
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Krueger 


Craftsmanship 
In Stainless Stee/ Fabrication 


Low temperature hood, com- 
plete with refrigeration, hy- 
draulic and electrical systems. 


End view of the above hood 
showing refrigeration cubicles 
and conveyor system. 


as 


Dry box installation for radioactive materials 


Krueger offers the very finest in custom fabrication of 
your products in stainless steel. Certified welders using 
modern welding equipment on .605 to %” thicknesses. 
Complete product testing. Polished surfaces. Let us 
estimate your next fabrication requirements. Single 
items or quantity production. 


Write, wire or phone for informa 
tion, quotations and references 


Krueger 


fabricating ¢co., inc. 


west badger road, madison 5, wisconsin 
118 








ORDER NOW 


price: $2.50 each 
3 for $7.00, 
6 for $13.00 


We pay all postage charges in 
the U.S.A. Canada and Foreign 
add $1.00 per order, SATISFAC- 
TION GUARANTEED OR YOUR 
MONEY BACK. 


FREE DESCRIPTIVE 








BAYLESS _ 


34150 Solon Rd. 
Cleveland 39, Ohio 


a 

magazine file 
for 
NUCLEONICS 
readers 


e@ Each file holds a 
full year’s copies. 


@ Covered in durable, 
leather-like Kivar, 
title embossed in 16 
kt. gold. 


Order direct from: 
MAGAZINE FILE COMPANY 
520 FIFTH AVENUE 
NEW YORK 36, NEW YORK 
FOLDER UPON REQUEST 
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Address: Lockheed Nuclear Products, 1500 North- 
side Drive N. W., Atlanta 18, Georgia. 
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Photographs courtesy Sylvania-Corniny Nuclear Corp 


Victoreen Leads in Monitoring with over 
1000 Channels in the Field and Operating 


Perfected. The monitoring systems Victoreen is 
lelivering today incorporate the design refine 
ents made from experience with over 1000 
hannels in field use under every « ible 
type of ambient condition, including 


itdoor use and even under water 


Proven. Victoreen monitoring sys 
ven themselves where proof 


n the field and in regular operatio 


SYLCOR Plant, Hicksville, Long Island, New 
York, is equipped with the latest Victoreen 

multichannel area monitor. Centrally located Preferred. With far more channels installed 
control panel, with visible and audible alarms 
is connected to sensing elements throughout facturer, the preference for Victoreen monitori 
plant for maximum radiation protection 


ost adverse conditions 


successfully operating than any other 
inassailable. And Victoreen continues to 
crease its lead in monitoring leadership 


vice t 
CE COMPANY 
t Americc 


The Victoreen Instrument Company WORLDS 


5806 Hough Avenue « Cleveland 3, Ohio FIRST 


Export Department, 240 West 17th St., New York 17, N.Y NUCLEAR 
COMPANY 
Coble TRILRUSH, New York 











